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Linh vie k§ thuit dwec dé cap

Séng ché dé cap dén ving gen khoi dong (promoto), cu thé hon 1a dé cap dén
polynucleotit c6 hoat tinh promoto, ché phém dé biéu hién gen chura polynucleotit, vecto
chira polynucleotit, vi sinh vat chira polynucleotit, va phuong phap san xuét glutathion

str dung vi sinh vat nay.
Tinh trang k§ thuit cia sang ché

Glutathion (GSH) 14 hop chit luu huynh hitu co thudng co trong hau hét cac té

bao, 1a tripeptit gdm c6 ba axit amin: glyxin, glutamat, va xystein.

Glutathion c¢6 mat trong co thé séng ¢ dang glutathion khir (GSH) va & dang
glutathion oxy hoa (GSSG). Dang glutathion khir (GSH) c6 madt voi ty 1€ tuong d6i cao
trong cac truong hop binh thudng, dugc phan bb chi yéu trong cac té bio gan va da
trong co thé con ngudi va dong vai tro quan trong vé chiic ning chong oxy hoa trong
viéc phan huy va loai bo oxy phan tng, chitc nang gidi doc trong viéc loai bo cac hop
cht xenobiotic chéng han nhu cac chat doc hai, va chirc nang lam tréng trong viéc uc
ché san sinh melanin (Sipes IG et al., “Vai tro ctia glutathion trong doc tinh cua cac hop
chét xenobiotic: kich hoat chuyén héa ciia 1,2-dibromoetan béi glutathion”, Adv Exp

Med Biol. 1986;197:457-67).

Do san sinh glutathion giam dan do qué trinh ldo0 hoa tién trién, va su giam san
sinh glutathion déng vai trd quan trong trong cac chirc nang chong oxy héa va giai doc,
thac day su tich tu cia oxy phan ung, 1a nguyén nhan chinh giy ldo hoa, nén cin phai

cung cdp glutathion tir bén ngoai.

C6 cac chtrc nang khac nhau nhu mé ta bén trén, glutathion da thu hut nhiu su
cht y lam nguyén li¢u trong cac linh vuc khac nhau chang han nhu dwoc pham, thyuc
pham chiic ning y té, my pham, v.v., va con dugc sir dung trong viéc diéu ché cac thanh
phén huong liéu, thwe phim va cac phu gia thitc &n chin nudi. Da biét rang glutathion
c6 tac dung dang ké trong viéc ting huong vi ctia nguyén liéu thd va duy tri huong vi

dam da, va glutathion c6 thé dugc st dung nhu chat diéu vi kokumi bang cach su dung
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don 1& hoic két hop v6i cac chét khac. Thong thuong, cac chit kokumi c6 huong vi dam

da hon céc chat umami hién co chéng han nhu axit nucleic, bot ngot (Mononatri glutamat:

MSG), v.v., va dugc biét 1a duoc tao ra boi su phéan huy va lao hoa cua protein.

Tuy nhién, bat chip viéc ting nhu cau dbi véi glutathion dé c6 thé sir dung trong
c4c linh vuc khéac nhau, thi truong khong dugce khich 1€ dang ké boi vi doi hoi chi phi
dang ké cho san xuét cong nghiép glutathion, do cac quy trinh tong hop enzym chua
dugc thuong mai hoa vi chi phi cao, va cdc phuong phap chiét xuat glutathion tir cc vi
sinh vat cung cip ning suét thap.

Ban chét ky thuét ciia sang ché

Séang ché d@é xuét ving gen khoi dong méi, vecto chira ving gen khoi dong, vi sinh
vat chira vung gen khoi dong, va phuong phap san xuit glutathion sir dung ving gen
khoi dong nay.

Sang ché d& xuét polynucleotit c6 hoat tinh promoto va it nhat mot nucleotit duogc
lua chon tor nhém gém cO cac nucleotit thir 92, 94, 102, 103, 249, va 251 cua trinh tu

polynucleotit c6 ma nhan biét SEQ ID NO: 1 hoic SEQ ID NO:2 dugc thay thé bang

nucleotit khac.
Sang ché d& xuat vecto chira polynucleotit c6 hoat tinh promoto.

Sang ché dé xuit vi sinh vat thudc chi Saccharomyces sp. chita mot hodc nhiéu
polynucleotit ¢ hoat tinh promoto va gen ma hoa protein dich; va vecto chira
polynucleotit.

Sang ché d& xuat phwong phap san xuit glutathion, phuong phép bao gbém nudi
cAy vi sinh vt trong mdi truong nudi cay.

Hiéu qua dat dugc cua sang ché

Trinh tu ving gen khoi dong méi theo sang ché ting dang ké viéc san sinh
glutathion va do d6 c6 thé duoc st dung trong sén xuét glutathion voi ning suat cao.
MO té chi tiét sang ché

Sang ché s& duge md ta chi tiét dudi day. Trong khi do, mbi phan mo ta va phuong
an duoc boc 16 trong doan mo ta nay co thé dugc ap dung cho cac phén mo ta va cac

phuong an khac. Noi cach khac, tat ca cac su két hop cua cac yéu to khac nhau duoc
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bdc 16 trong phan md ta ndy nam trong pham vi bdo ho clia sang ché. Ngoai ra, pham vi

bao ho cua sang ché khong bi gidi han bdi phan mo ta cu thé bén dudi.

Nguoi ¢ hiéu biét trung binh trong cung linh vuc ky thuat s€ nhan théy, hodc co
thd xé4c dinh chic chin bang cach sir dung khong quéa nhiéu thir nghiém théng thudng,
nhiéu phwong 4n twong duong véi cac phuong an cu thé cua sang ché dugc mo ta & day.

Cac phuong an twong duong nay duoc hiéu 1a nam trong pham vi bao ho cua sang ché.

Theo khia canh cua sang ché dé xuat polynucleotit ¢6 hoat tinh promoto (vung gen
khoi dong) trong do6 it nhit mot nucleotit dugce lya chon tir nhom gém co cac nucleotit
thir 92, 94, 102, 103, 249, va 251 cua trinh ty polynucleotit c6 ma nhén biét SEQ ID NO:
1 hodc SEQ ID NO: 2 dugc thay thé bang nucleotit khéc.

Nhu duogc st dung ¢ day, thuat nglt “polynucleotit” deé cap dén soi ADN c6 chiéu
dai tbi thiéu nhét dinh nhu polyme ctia cac nucleotit trong d6 cac phén tir nucleotit dugc

lién két v&i nhau thanh dang chudi dai bang cac lién két cong hoa tri.

Nhu duoc st dung & day, thudt ngit “polynucleotit c6 hoat tinh promoto™ dé cap
dén ving ADN gan vi tri tai d6 sy dich mé cua gen dugce biéu hién, tirc 13, gen dich, khoi
dAu, ving bao gom vi tri dé polymeraza ARN, chat ting cuong, hodc tuong tu lién két

cho biéu hién cho gen dich.

Polynucleotit c6 hoat tinh promoto cia sang ché c6 thé sir dung lam promoto st

dung chung dé tang cuong.

Vi du, polynucleotit c6 thé dugc st dung lam promoto c6 kha nang tang cuong
biéu hién cta polypeptit c6 hoat tinh glutamat—xystein ligaza. Hon nira, polynucleotit
c6 thé 1a polynucleotit dugc sit dung dé tang san sinh hodc san xuat glutathion.
Polynucleotit cia sang ché c6 thé bao gdbm bit ky trinh tu polynucleotit c6 hoat tinh

promoto.

Theo sang ché, trinh tu polynucleotit c6 ma nhan biét SEQ ID NO: 1 hoic SEQ ID
NO: 2 ¢6 thé 1a trinh tu c6 kha ning hoat ddng nhu promoto cla glutamat—xystein ligaza.
Tuy nhién, trinh tu polynucleotit c6 ma nhan biét SEQ ID NO: 1 hoic SEQ ID NO:
2 14 trinh tu polynucleotit dai dién xac dinh vi trf cua sua ddi, va bt ky trinh tu
polynucleotit twong Gmg véi n6 va co hoat tinh promoto c6 thé con bao gdm trong cac

trinh tu cho phép gay ra sua ddi. Vi du, bat ky trinh tu polynucleotit ¢6 kha nang hoat
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dong nhu promoto cia glutamat—xystein ligaza hodc polypeptit c6 hoat tinh tuong
duong cua nd cod thé ndm trong pham vi bao ho cua sang ché duoc dua vao ma khong bi
gi6i han. Trong céc trinh ty néu trén, khi it nhét mot trong cac nucleotit tuong tmg voéi
cac nucleotit thtr 92, 94, 102, 103, 249, va 251 c¢6 ma nhéan biét SEQ ID NO: 1 hoic
SEQ ID NO: 2 dugc thay thé biang nucleotit khac, promoto ¢6 hoat tinh cao hon hoat

tinh cua trinh tu promoto khong thay thé (khong stra ddi) co thé duoc cung cép.

Trinh tu nucleotit c6 ma nhan biét SEQ ID NO: 1 hoiic SEQ ID NO: 2 ¢6 thé thu
dugc tir co sO sit liéu ctia Ngan hang dir liéu gen cua Trung tdm Quéc gia vé thong tin
cong nghé sinh hoc (National Center for Biotechnology Information: NCBI GenBank).
Céc trinh ty twong ung vo1 ma nhan biét SEQ ID NO: 1 hoic SEQ ID NO: 2 va dong
vai tro lam promoto cua glutamat—xystein ligaza co ngudn gde tir vi sinh vét thude chi
Saccharomyces sp., cu thé 1a Saccharomyces cerevisiae, ma sang ché khong bi gii han
& d6, va c6 thé bao gdm bit ky trinh tur ¢6 hoat tinh twong duong véi hoat tinh cua

polynucleotit ma khong bi gi61 han.

Theo sang ché, polynucleotit cé hoat tinh promoto ¢6 thé 14 trinh tu polynucleotit
c6 m3 nhén biét SEQ ID NO: 1 hoic SEQ ID NO: 2 hodc trinh tu polynucleotit co it
nhat 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%. hoic 99% su tuong dong hodc dong
nhat véi trinh tu ¢6 ma nhan biét SEQ ID NO: 1 hodc SEQ ID NO: 2, trong d¢ it nhat
mot nucleotit duoc thay thé béng nucleotit khéac tai cac vi tri cu thé hodc cac vi tri tuong
ung véi nd. Trinh tu polynucleotit ¢6 sy trong ddng hodc ddng nhit co thé loai trir trinh

tw c6 100% su ddng nhat hodic c6 thé 1 trinh tu ¢6 sy ddng nhit nho hon 100%.

Trong khi d6, mic du ‘polynucleotit c6 trinh tw polynucleotit c6 ma nhén biét SEQ
ID NO dinh trudc’ va ‘polynucleotit chira trinh tu polynucleotit c6 ma nhan biet SEQ
ID NO dinh truée’ duge st dung trong sang ché, hién nhién ring bat ky polynucleotit
¢6 trinh ty polynucleotit bao g6m x0a, stra ddi, thay thé hoac bd sung mot hodac mot )
nucleotit ciing ¢ thé duge sir dung trong séng ché, mién 1a polynucleotit ¢6 hoat tinh
ddng nhat hodc tuong dwong véi hoat tinh cua polynucleotit chia trinh tir polynucleotit

¢6 ma nhén biét SEQ ID NO dinh trude.
Vi du, 15 rang rang bat ky polynucleotit bao gbm viéc bd sung trinh tu v6 nghia
bén trong hodc tai dau cua trinh ty polynucleotit c6 md nhén biét SEQ ID NO dinh trudc

hoac x6a mot ph?m cua trinh ty polynucleotit c6 ma nhén biét SEQ ID NO dinh trudc
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bén trong hodc tai mdt dau cua nod cling co thé ndm trong pham vi bao ho cua sang ché,
mién 1a polynucleotit c6 hoat tinh doéng nhat hodc twong duong voi hoat tinh cua

polynucleotit cuia sang ché.

Sy twong ddng va dong nhit & cép dén muc &6 phu hop gitra hai trinh tu axit amin

hodc trinh tu nucleotit da cho, va co thé duoc thé hién béng ty 1€ phén tram.

Cac thuat ngr “tuong ddng” va “dong nhat” thudng co thé dwoc st dung thay thé

cho nhau.

Su turong ddng hodc dong nhat trinh ty ciia cac polynucleotit bao thi ¢6 thé duoc
xac dinh béng thuat toan can chinh tiéu chudn, va cac ham phat khoang tréng mac dinh
duoc thiét lap bang chuong trinh dang str dung c6 thé duoc sir dung cung nhau. V é co
ban, cac trinh tu tuong déng hoac déng nhét c6 thé duoc lai hoa véi nhau cho it nhét
khoang 50%, 60%, 70%, 80%, hoac 90% cua toan b trinh tu hoac toan bd chiéu dai
trong cac diéu kién nghiém ngit cao. Trong polynucleotit da lai hoa, polynucleotit chtra
cac don vi ma hoa (codon) thoai bién thay cho cac codon trong phép lai co thé duoc xem

xét.

Su tuong ddng, twong tu, hoic ddng nhat trinh tur gitta hai trinh tu polynucleotit da
cho ¢6 thé duoc xé4c dinh bang cach sir dung cic thuat todn may tinh da biét chiang han
nhu chuong trinh “FASTA”, bﬁng cach str dung cac tham s6 mic dinh duoc gidi thigu
bdi Pearson et al. (1988) Proc. Natl. Acad. Sci. USA 85:2444). Ngoai ra, thudt toan
Needleman—Wunsch (Needleman va Wunsch, 1970, J. Mol. Biol. 48:443-453) duogc
trién khai trong chuong trinh Needleman ctia goi EMBOSS (EMBOSS: Bo phin mém
m& phan ti sinh hoc chau Au, Rice et al., 2000, Trends Gent. 16:276-277) (phién bdn
5.0.0 hodc phién ban cao hon) (bao gdém gbi chuong trinh GCG (Devereux, J. et al.,
Nghién ctru c4c axit nucleic 12:387 (1984)), BLASTP, BLASTN, FASTA (Atschul, S.
F., et al., J. Mol. Biol. 215: 403 (1990); Huong dan cho cic may tinh 16n, Martin J.
Bishop, ed., Academic Press, San Diego, 1994, va CARILLO et al. (1988) SIAM J
Applied Math 48:1073). Vi du, su tuong ddng, twong tu, hodc ddng nhat co thé dugc xac
dinh bang cach st dung BLAST cua co s¢ dir liéu thong tin cua Trung tam qubc gia

cong nghé sinh hoc, hodc ClustalW.

Su twong dong, twong tu, hodc ddng nhat gitra cic polynucleotit ¢o thé duoc xac

dinh biang cach so sanh thong tin trinh tu sir dung chuong trinh may tinh GAP nhu duoc
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dua ra boi Needleman et al., (1970), J Mol Biol. 48:443 dugc bdc 10 boi Smith va
Waterman, Adv. Appl. Math (1981) 2:482. Tém lai, chuong trinh GAP dinh nghia sy
tuwong tu 1a s6 lwong cac ky hidu dugce can chinh (tic 13, cac nucleotit hodc cac axit amin)
1a twong tu, duge chia cho tdng sd cac ky tu trong trinh tu ngan hon trong hai trinh ty.
Céac tham sé mac dinh dbi véi chuong trinh GAP c6 thé bao gém: (1) ma tran so sanh
nhi phan (bao gdm gia tri 1 d6i v6i ddng nhit va gia tri 0 d6i v6i khong déng nhét) va
ma tran so sanh trong sb ctia Gribskov et al. (1986), Nucl. Acids Res. 14:6745 nhu dugc
mo ta boi Schwartz va Dayhoff, eds., Ban dd trinh tu va cau tric protein, Quy nghién
ctru y sinh qubc gia, trang 353-358 (1979) (hodc ma tran thay thé EADNFULL (phién
ban EMBOSS ctia NCBI NUC4.4)); (2) ham phat bang 3,0 ddi véi mdi khoang tréng
dich chuyén va ham phat b6 sung 0,10 déi v6i mdi ky tu trong mdi khoang tréng dich
chuyén (hodc ham phat md khoang tréng dich chuyén bang 10 va ham phat mé rong
khoang tréng dich chuyén bang 0,5); va (3) khong c6 ham phat dbi véi cac khoang trong
dich chuyén cudi. Do d6, nhu duoc st dung & day, thuat ngi “tuong ddng” hoac “dong

nhat” chi ra moi lién hé giia céc trinh tu.

Ngoai ra, polynucleotit ¢6 thé bao g0m bét ky déu do duoc diéu ché tur bat ky cac
trinh tu gen da biét, vi dy, trinh tw polynucleotit dugc lai hoa véi trinh tu b6 sung toan
bd hodac mdt phﬁn vao trinh ty polynucleotit dugc moé ta bén trén dudi cac diéu kién
nghiém ngdt va c6 cung hoat tinh ma khong bi giéi han. Thudt ngr “cac diéu kién nghiém
ngat” dé cap dén cac didu kién cho phép su lai héa ddc hiéu gitra cac polynucleotit. Cac
diéu kién nhu vay da dugc md ta chi tiét trong cac tai liéu da biét (vi du, J. Sambrook et
al., Molecular Cloning, A Laboratory Manual, ta1 ban lan hai, 4n pham Cold Spring
Harbor Laboratory, Cold Spring Harbor, New York, 1989; F. M. Ausubel et al., Current
Protocols in Molecular Biology, John Wiley & Sons, Inc., New York). Vi du, cac diéu
kién nghiém ngat c6 thé bao gdm thuc hién lai héa gifra cac gen c6 su tuong d6ng hoic
ddng nhét cao, vi du, su tuong ddng hogc ddng nhit 1a 40% hodc ot hon 1 tdi thicu
70%, tbi thidu 80%, tdi thidu 85%, hodc t6i thiéu 90%, tét hon nira 1a tdi thieu 95%, tot
hon nita 13 t6i thiéu 97%, va tot nhit 1a t6i thiéu 99%, ma khong thuc hién lai hoa gitra
cac gen co su twong dong hodc ddng nhat thip hon su twong ddng hodc dong nhat bén
trén, hoic rira mot 14n, tét hon 13 hai hodc ba lan, duéi cac diéu kién rira thong thuong
cho phép lai Southern & néng d6 mudi va nhiét do 1a 60°C, 1xSSC, va 0,1% SDS, tot
hon 13 60°C, 0,1xSSC, 0,1% SDS, va tot hon nita 1a 68°C, 0,1xSSC, va 0,1% SDS.
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Su lai hoa doi hoi hai polynucleotit ¢6 céc trinh tu bd sung, mac du tuy thude vao
muc do nghiém ngét cta phép lai, sy khong khép gitta cac bazo 1a co the. Thuét ngit
“bd sung” duogc s dung dé md ta mdi quan hé gitra cac bazo cua cac nucleotit c6 kha
nang lai hoa véi nhau. Vi duy, dbi v&i ADN, adenosin duoc bd sung vo1 thymin, va
xytosin dugc b6 sung v6i guanin. Do d6, séng ché co thé khong chi bao gom trinh tur
axit amin giéng nhau vé co ban ma con cac doan axit nucleic duoc phan 1ap nhung bo

sung cho toan bd trinh ty.

Cu thé, cac polynucleotit c6 su twong déng hoac déng nhéat c6 thé duoc duoc phat
hién bing cach sir dung cac diéu kién lai hoa duge md ta bén trén bao gdm qua trinh lai
héa & gid tri Tm 1a 55°C. Ngoai ra, gia tri Tm c6 thé 1a nhung khong gidi han & 60°C,
63°C, hoac 65°C, va co thé duoc diéu chinh thich hop bdi nguoi co hiéu biét trung binh

trong cung linh vyc ky thudt tuy thudc vao muyc dich s dung.

D6 nghiém ngat thich hop d lai cac polynucleotit co thé phu thudc vao do dai va
muirc d6 bd sung cla cac polynucleotit, va cac thong s6 clia n6 da biét trong cung linh

vuc k¥ thuat (tham khao Sambrook et al., supra, 9.50-9.51, 11.7-11 .8).

Polynucleotit c6 hoat tinh promoto dugc cung chp boi sang ché co thé c6 hoat tinh
promoto dugc ting cuong bing cach thay thé nucleotit tai vi trf cu thé cua trinh ty

polynucleotit duge mo ta bén trén c6 hoat tinh promoto.

Theo phuong 4n cua sang ché, polynucleotit c6 hoat tinh promoto cua sang ché co
thé bao gdm polynucleotit ¢ hoat tinh promoto trong do it nhat mot nucleotit ctia trinh
fur nucleotit c6 ma nhan biét SEQ ID NO: 1 hodc SEQ ID NO: 2 dugc thay thé bang
nucleotit khac. Cu thé, polynucleotit c6 thé bao gdm polynucleotit c6 hoat tinh promoto
trong do it nhit mot nucleotit cua trinh tw nucleotit c6 ma nhan biét SEQ ID NO: I hodc
SEQ ID NO: 2 duoc thay thé bang nucleotit khac. Polynucleotit ¢6 hoat tinh promoto
¢6 thé duoc st dung thay thé cho “promoto dot bién” theo sang ché. Promoto dot bién
c6 thé 1a promoto trong d6 nucleotit duoc thay thé bé“mg nucleotit khac tai mot hoac
nhidu vi tri, hai hodc nhidu vi tri, ba hodc nhiu vi tri, bdn hodc nhiéu vi tri, nam hodc

nhiéu vi tri, hodc toan bd s4u vi tri, hodc cac vi tri twong g cua ching.

Theo phuong an cla sang ché, polynucleotit c¢6 hoat tinh promoto co thé 1a
polynucleotit chira trinh ty polynucleotit c6 méd nhan biét SEQ ID NO: 1 hodc SEQ ID

NO: 2 trong do6 it nhit mét nucleotit duoc lya chon tir nhom g6m cO cac nucleotit thir
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92,94, 102, 103, 249, va 251 duoc thay thé bang nucleotit khac va c6 hoat tinh promoto.

“Nucleotit khac” khong bi giéi han cu thé mién la nucleotit sau khi thay thé khac
v6i trude khi thay thé. Vi du, khi nucleotit thitr 92 chita thymin (T) trong trinh tu
polynucleotit c6 ma nhan biét SEQ ID NO: 1, cach dién ta “nucleotit thir 92 ¢6 ma nhén
biét SEQ ID NO: 1 dwoc thay thé bang nucleotit khac” c¢6 nghia rang thymin (T) dugc
thay thé bang xytoxin (C), adenin (A), hoic guanin (G) khéac voi thymin (T). Theo sang
ché, khi nucleotit duoc “thay thé”, nucleotit dugc thay thé bang nucleotit khac ma khac

vé6i nucleotit trude khi thay thé trir khi c6 quy dinh khac.

Trong khi d6, ngudi c6 hiéu biét trung binh trong ciing linh vuc k¥ thuat s& x4c
dinh cac nucleotit ¢ cac vi tri twong Gmg vdi cac nucleotit thir 92, 94, 102, 103, 249, va
251 cua trinh tu polynucleotit c6 ma nhén biét SEQ ID NO: 1 hodc SEQ ID NO: 2 cua
sang ché theo trinh tu polynucleotit tiy ¥ bing c4ch can chinh trinh ty da biét dén trong
cung linh vuc k¥ thuat, va hién nhién réng cach dién ta “nucleotit tai vi tri cu thé c6 ma
nhan biét SEQ ID NO: cu thé” bao gbm “nucleotit tai vi tri tuong Gmg v6i nd” trong
trinh tu polynucleotit tuy y trir khi c6 quy dinh khéc theo sang ché. Do dé, bat ky trinh
tu polynucleotit ctia polynucleotit c6 hoat tinh promoto, trong do it nhat mot nucleotit
duoc lua chon tir nhom gém c6 cac nucleotit trong t'm.g véi cac nucleotit thi 92, 94,
102, 103, 249, va 251 cua trinh tu polynucleotit c6 ma nhan biét SEQ ID NO: | hoic
SEQ ID NO: 2 duoc thay thé bang nucleotit khac, thudc vao pham vi bao hd cua sang

ché.

“Céc vi tri thr 92, 94, 102, 103, 249, va 251 c¢6 ma nhan biét SEQ ID NO: 1 hoac
SEQ ID NO: 2” 14n lwot nim & 409 nt, 407 nt, 399 nt, 398 nt, 252 nt, va 250 nt phia
trude tr A, 1am diém chuan (0) cia ATG, 1a don vi ma hoa khoi dau trong céc
polynucleotit c6 hoat tinh promoto co ngudn gdc tir cac chung Saccharomyces
cerevisiae CEN KSD-Yc, YIM1450, YIM1401, YIJM1307, va chung dugc nop luwu
chung theo Hiép udc Budapest vao Trung tdm nudi cdy vi sinh vat Han Qudc (Korean
Culture Center of Microorganisms: KCCM) voi s6 luu ching KCCM12568P, tuc 14,
theo ma nhan biét SEQ ID NO: 2, va do d6 céc vi tri c¢6 thé quy dinh nhu céc vi tri tht
—409, —407, —399, —398, =252, va —250, tuong Gng, phia trudc tir khung doc mé (open
reading frame: ORF) theo phuong phap thuong duoc sir dung trong cung linh vuc ky
thuat.
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Trong khi d6, dbi voéi polynucleotit ¢6 hoat tinh promoto c6 ngudn gdc tir
Saccharomyces cerevisiae CEN.PK1-D, tuc 1a, SEQ ID NO: 1, trong do nucleotit tai vi
tri tha 74 phia truée tr ORF (tie 1a, vi tri tha —74) bi x6a trong trinh tu promoto cua
Saccharomyces cerevisiae CEN KSD-Yc, “cac vi tri thir 92, 94, 102, 103, 249, va 251
¢6 mi nhan biét SEQ ID NO: 1 hodc SEQ ID NO: 2” lan luot twong ung voi cac vi tri
thi —408, —406, =398, —397, =251, va —249 phia trudc tr ORF.

Theo phuong 4n cua sang ché, polynucleotit c6 hoat tinh promoto cua sing ché c6
thé 14 polynucleotit trong do it nhat mét nucleotit duoc lwa chon tir nhom gdm c6 cac
nucleotit thtr 92, 94, 102, 103, 249, va 251 cua trinh tu polynucleotit ¢c6 ma nhan biét
SEQ ID NO: 1 hozc SEQ ID NO: 2 dugc thay thé bang nucleotit khac.

Cu thé, theo sang ché, polynucleotit c6 hoat tinh promoto co thé 1a polynucleotit
trong d6 hai hodc nhiéu nucleotit dugc lya chon tir nhom gém ¢o6 cac nucleotit thu 92,
94,102, 103, 249, va 251 cta trinh tu polynucleotit c6 ma nhén biét SEQ ID NO: 1 hoic
SEQ ID NO: 2 dugc thay thé bang cac nucleotit khac.

Cu thé, theo sang ché, polynucleotit c6 hoat tinh promoto ¢6 thé 1a polynucleotit
trong do bén hodc nhiéu nucleotit dwgc lua chon tir nhém gém cO cac nucleotit thur 92,
94,102, 103, 249, va 251 cta trinh ty polynucleotit c6 ma nhan biét SEQ ID NO: 1 hoac
SEQ ID NO: 2 duogc thay thé bang cac nucleotit khéc.

Cu thé, polynucleotit c6 thé 1 polynucleotit trong d6 toan bd sau nucleotit dugc
lya chon tr nhém gém ¢6 cac nucleotit tha 92, 94, 102, 103, 249, va 251 cua trinh ty
polynucleotit c6 ma nhan biét SEQ ID NO: 1 hogc SEQ ID NO: 2 duoc thay thé bang

cic nucleotit khac.

Theo phuong an cua sang ché, polynucleotit ¢6 hoat tinh promoto ¢ thé 1a
polynucleotit trong d6 cac nucleotit thir 249 va 251 cua trinh tu polynucleotit c6 ma

nhan biét SEQ ID NO: 1 hoic SEQ ID NO: 2 dugc thay thé bang cac nucleotit khéc.

Theo phuong an cua sang ché, polynucleotit c6 hoat tinh promoto cé thé 1a
polynucleotit trong d6 cc nucleotit thir 92, 94, 102, va 103 cta trinh tu polynucleotit c6

ma nhan biét SEQ ID NO: 1 hodc SEQ ID NO: 2 dugec thay thé biang cac nucleotit khéc.
Tuy nhién, sang ché khong giéi han & do.

Theo phuong &n cuia sang ché, polynucleotit c6 hoat tinh promoto co thé bao gom:
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su thay thé thymin (T) & vi tri thtr 92 bang guanin (G), xytoxin (C), hodc adenin
(A);

su thay thé thymin (T) & vi tri th 94 bang guanin (G), xytoxin (C), hodc adenin
(A);

su thay thé adenin (A) & vi tri thit 102 bang guanin (G), xytoxin (C), hodc thymin
(T);

su thay thé adenin (A) & vi tri thit 103 béng guanin (G), xytoxin (C), hodc thymin
(T);

su thay thé guanin (G) ¢ vi tri thir 249 bang thymin (T), xytoxin (C), hodc adenin
(A);

su thay thé xytoxin (C) & vi trf thi 251 bang thymin (T), guanin (G), hodc adenin
(A); hodc bat ky su két hop ctia chung trong trinh ty polynucleotit c6 ma nhén biét SEQ
ID NO: 1 hoac SEQ ID NO: 2,

Theo phuong 4n cta sang ché, thymin (T) & vi tri thir 92 c6 thé duoc thay thé bing
xytoxin (C). Piéu nay ciing c6 thé duoc biéu dién nhu 92 (T—C) hodc —409 (T—C), va
theo trinh tu tham chiéu la =408 (T—C).

Theo phuong 4n cia sang ché, thymin (T) & vi tri thit 94 ¢6 thé duogc thay thé bang
xytoxin (C). Piéu nay ciing c¢6 thé duoc biéu dién nhu 94 (T—C) hoac —407 (T—C), va
theo trinh tu tham chiéu 1a =406 (T—C).

Theo phuong 4n cta séng ché, adenin (A) & vi tri tht 102 ¢6 thé duoc thay thé
bing xytoxin (C). Piéu ndy ciing c6 thé dwoc biéu dién nhu 102 (A—C) hodc ~399
(A—C), va theo trinh ty tham chiéu 1a =398 (A—C).

Theo phuong 4n cua sang ché, adenin (A) & vi tri thir 103 ¢o6 thé dugc thay thé
bing thymin (T). Didu nay ciing ¢6 thé duge biu dién nhw 103 (A—T) hodc ~398
(A—T), va theo trinh ty tham chiéu 1a =397 (A—T).

Theo phuong an cua sang ché, guanin (G) & vi tri thir 249 ¢6 thé duoc thay thé
bang adenin (A). Didu nay ciing c6 thé dugc biéu dién nhu 249 (G—A) hodc —252
(G—A), va theo trinh ty tham chiéu 1a =251 (G—A).

Theo phuong an cla sang ché, xytoxin (C) & vi tri thu 251 ¢co thé duoc thay thé
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bing thymin (T). Diéu nay ciing c6 thé duwoc biéu dién nhu 251 (C—T) hodc —250
(C—T), va theo trinh tu tham chiéu 12 —249 (C—T).

Theo phuong an cua sang ché, polynucleotit ¢ hoat tinh promoto co thé bao gdm
it nhat mot trong céc su thay thé 6 92 (T—C), 94 (T—C), 102 (A—C), 103 (A—T), 249
(G—A), va 251 (C-T).

Theo phuong an cta sang ché, polynucleotit ¢6 hoat tinh promoto c6 thé bao gom

cac su thay thé & 249 (G—A) va 251 (C—T).

Theo phuong an cua sang ché, polynucleotit c6 hoat tinh promoto ¢6 thé bao gom

céc su thay thé 6 92 (T—C), 94 (T—C), 102 (A—C), va 103 (A—T).

Theo phuong an cia sang ché, polynucleotit c6 hoat tinh promoto ¢6 thé bao gom
tAt ca cac su thay thé & 92 (T—C), 94 (T—C), 102 (A—C), 103 (A—T), 249 (G—A),
va 251 (C—-T).

Theo phuong an cta sang ché, polynucleotit c6 hoat tinh promoto ¢6 thé bao gom
it nhAt mét trinh tu polynucleotit dugc lya chon tr trinh tu c6 ma nhan biét tr SEQ ID
NO: 3 dén SEQ ID NO: 32. Cu thé, polynucleotit c6 thé bao gom mdt trinh ty
polynucleotit dugc lya chon tir cac trinh tu ¢6 md nhén biét tr SEQ ID NO: 3 dén SEQ
ID NO: 32, ma sang ché khong bi gidi han & do.

Nhu md ta bén trén, mic du cach dién ta ‘polynucleotit ¢ trinh tu nucleotit co6 ma
nhan biét SEQ ID NO: cu thé’ hodc ‘polynucleotit chira trinh ty nucleotit ¢6 ma nhén
biét SEQ ID NO: cu thé’ dwgc sit dung trong sang ché, hién nhién rang bat ky
polynucleotit co trinh tu nucleotit bao gdm x6a, sira doi, thay thé, hodc bod sung mot
hoiic mot s nucleotit ciing ¢6 thé duge st dung trong sang ché mién 1a polynucleotit c6
hoat tinh ddng nhat hoic twong dwong véi hoat tinh cua polynucleotit chira trinh tu
nucleotit c6 ma nhan biét SEQ ID NO cu thé.

Ngoai ra, sang ché khong giéi han & cac phuong an dugc mo ta bén trén, va trinh
tu polynucleotit ¢6 thé bao gom céc bién ddi khac nhau trong pham vi khong lam giam

dang ké hoat tinh promoto.

11/64

Polynucleotit co hoat tinh promoto theo sang ché c6 thé duoc s dung lam promoto.

Promoto c6 thé ndm & vung 5’ ca vi tri bat dau phién ma mARN.
Promoto c6 thé c6 hoat tinh promoto dugc tang cuong so véi cac promoto thong
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thuong. Tt 13, promoto ¢6 thé khong chi 1am tang biéu hién cua gen dich trong céc té
bao chi, ma con biéu hién va/hodc hoat tinh ctia protein dwge ma hoa boi gen dich. Theo
muc dich cua sang ché, gen dich dé ting cuong bidu hién co thé duoc sira d6i theo san
phidm can thu dugc, va promoto ¢o thé duogc str dung lam promoto st dung chung e

tang cuong gen dich.

“Gen dich” dé cap dén gen, su biéu hién cta gen nay dugc di€u chinh bang trinh
ti promoto clia sang che theo muc dich ctia sang che. Protein dugc ma hoa boi gen dich
c6 thé dé cap dén nhu “protein dich”, va gen ma hoa “protein dich” c6 thé dugc dé cap

dén 1a “gen dich”.

Ngoai ra, polynucleotit ma hoa protein dich co thé ¢6 nhiéu stra doi khac nhau
duoc thuc hién trong ving ma hoa véi diéu kién khong 1am thay ddi trinh ty axit amin
cua protein dugc biéu hién tir ving ma hoa do sy thoai bién don vi ma hoa hodc xem xét
dén cac don vi ma hoa duoc wu tién bgi cac vi sinh vat sdng trong d6 polynucleotit dugc

bidu hién. Cac phan mb ta cta trinh ty polynucleotit dugc mé ta bén trén.

Theo phuong an ctua sang ché, protein dich c6 thé 1a polypeptit c6 hoat tinh
glutamat-xystein ligaza. Ttc 13, gen dich ctia promoto ¢6 thé 14 gen mi héa polypeptit
c6 glutamat—xystein ligaza.

Theo sing ché, “glutamat—xystein ligaza” 1 enzym con dugc dé cap dén la “enzym
lién két glutamat—xystein”, “gamma-glutamyl xystein synthetaza (GCS)”, hodc “protein
GSH1”.

Glutamat—xystein ligaza duoc bién dén 12 chat xuc tac cho phan ing sau day:

L-glutamat + L-xystein + ATP < gamma-glutamyl xystein + ADP + P;

Ngoai ra, phan tmg duoc xtic tac boi glutamat—xystein ligaza dugc goi 1a bude thu
nhét trong qué trinh téng hop glutathion.

Trinh tu axit amin cdu thanh glutamat-xystein ligaza c6 thé thu duoc tir co so dit
liéu da biét cia NCBI GenBank. Vi du, glutamat—xystein ligaza c6 thé c6 ngudn goc tir
Saccharomyces cerevisiae. Vi dy, glutamat—xystein ligaza co6 thé 1a protein chira trinh
tu axit amin ¢6 ma nhén biét SEQ ID NO: 33, nhung ¢ thé bao gém bét ky trinh tu c6

hoat tinh gidng nhu trinh tu axit amin, nhung sang ché khéng gidi han & day.

Ngoai ra, “polypeptit c6 hoat tinh glutamat—xystein ligaza™ cua sang ché c6 thé
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bao gdm khong chi dang kiéu hoang da, khong stia ddi, hodc xdy ra trong tu nhién cua
glutamat—xystein ligaza, ma con cac bién thé c6 hoat tinh glutamat—xystein ligaza giong

hodc dugc tdng cuong.

Theo sang ché, “polypeptit di stra ddi” c6 cung nghia véi “bién thé”, c6 thé dé cap
dén protein thu dugc bing cach thay thé bao tha va/hodc sira doi it nhat mot axit amin
khac véi axit amin cta trinh tw duge d& cap trong khi van duy tri chitrc nang hodc dac
tinh cta protein. Vi du, polypeptit da sira d6i c6 thé 12 bién thé trong d6 axit amin & vi
trf thir 86 tir dAu tin cing N ¢6 ma nhan biét SEQ ID NO: 33 dugc thay thé bang gbc

axit amin khac khong phai 13 xystein trong glutamat—xystein ligaza dugc mé ta ¢ trén.

Bién thé khéc biét vé6i trinh ty duoc xac dinh bang cach thay thé, x6a hodc them
vao mot vai axit amin. Cac bién thé nhu vy co thé thu duoc béng cach stra ddi mot hoac
nhiéu axit amin trong trinh tu axit amin cua protein ¢ trén va dugc xac dinh bang cach
danh gia dic tinh cta protein da sira dbi. Tirc 13, kha ning ctia bién thé c6 thé dugc tang
cuong so vGi protein ban dia. Ngoai ra, mot s6 bién thé co thé bao gdm céc bién thé tr
d6 it nhat mot phén nhu trinh tu dan dau dau tan cung N hodc mién xuyén mang da duoc
loai bd. Cac bién thé khac c6 thé bao gdm céc bién thé trong d6 mdt phan duoc loai bo

khoi dau tan cung N hodic C cta protein truong thanh.

Thuat ngit “bién thé” con c6 thé dugc st dung thay thé cho cac thudt nglt khac nhu
sta doi, protein da stra ddi, polypeptit da stra ddi, dot bién, mutein va di biét, va bat ky
thudt nglt nao dugc st dung dé chi su bién d6i cling c6 thé duoc st dung khong gidi han.
Theo muc dich cua sang ché, bién thé c6 thé c6 hoat tinh ting cudng so vdi cac protein

kiéu hoang da hogc khong bi sita ddi, nhung sang ché khong bi gidi han o do.

Nhu duoc st dung & day, thuat ngir “thay thé bao thi” c6 nghia 1 sy thay thé mot
axit amin béng axit amin khéac c6 cung déc tinh céu trac va/hoac dic tinh hoa hoc. Bién
thé c6 thé c6 it nhat mot su thay thé bao tha trong khi van duy tri it nhat mot hoat tinh
sinh hoc. Sy thay thé axit amin nhu vay thuong c6 thé xay ra dua trén sy tuong tu vé do
phan cuc, dién tich, tinh hoa tan, tinh ky nuéc, tinh wa nuéc, va/hodc ban chét ludng

tinh cua goc.

Céc bién thé ciing c6 thé bao gdm viéc x6a hodc bd sung cac axit amin c6 anh
huong t6i thiéu dén dic tinh va cAu tric bac hai cua polypeptit. Vi du, polypeptit c6 thé

duoc lién hop véi trinh tyu tin higu (hodc trinh tu dan dau) tai dau tan cung N cua protein
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ma chuyén huéng dong dich ma hodc sau dich ma cua protein. Polypeptit cling c6 thé
duoc lién hop véi trinh ty hodc trinh tur lién két khac dé xac dinh, tinh ché hodc tong
hop polypeptit.

Theo séng ché, “dugc thay thé bang axit amin khac” khéng bi gi¢i han cu thé mién
14 axit amin sau thay thé khac véi axit amin trudc thay thé. Turc 13, su thay thé xystein,
13 axit amin th( 86 tir ddu tAn cung N cua trinh tu axit amin c6 ma nhan biét SEQ ID
NO: 33, bang axit amin khong phai la xystein cting ¢6 thé duoc goi 1a “su thay thé cua
axit amin thi 86 bang axit amin khac”. Trong khi d6, theo sang ché, rd rang khi cach
didn ta “axit amin dinh trudc duoc thay thé” c6 nghia rang axit amin sau thay thé khac
v6i axit amin trude thay thé trir khi cach dién ta “dugc thay thé bang axit amin khac”

duoc su dung.

“Bién thé glutamat—xystein ligaza” cuia sang ché cling c6 thé dé cap dén “polypeptit
(da stra db1) c6 hoat tinh glutamat—xystein ligaza” hodc “bién thé GSH1” ma co thé tang
luong san sinh glutathion so vé1 protein truge sua dbi, polypeptit kiéu hoang da, hoac

polypeptit khong sira d6i, ma sang ché khong bi giéi han & do.

Trong bién thé, it nhat mot axit amin cta trinh ty axit amin ¢c6 md nhan biét SEQ
ID NO: 33 c6 thé duoc thay thé bing axit amin khac. Cu thé, bién thé c6 thé bao gdm
su thay thé axit amin twong (mg véi vi tri thi 86 cta trinh tu axit amin c6 ma nhén biét
SEQ ID NO: 33 bang axit amin khic. Axit amin khac c6 thé duoc lua chon tir glyxin,
alanin, valin, leuxin, isoleuxin, metionin, phenylalanin, tryptophan, prolin, serin,

threonin, tyrosin, asparagin, glutamat, glutamin, aspartat, lysin, arginin, va histidin.

Theo phuong 4n cta sang ché, axit amin twong Ung v6i vi tri thir 86 cia trinh tu
axit amin c6 ma nhén biét SEQ ID NO: 33 ¢6 thé duoc thay thé bang arginin, ma sang
ché khong bi giéi han & do.

Theo sang ché, hién nhién la “bién thé trong d6 axit amin thir 86 tur dau tan cung
N cua trinh tu axit amin ¢6 ma nhan biét SEQ ID NO: 33 duoc thay thé bé‘mg axit amin
khac” bao gdbm bién thé trong d6 axit amin twong Ung v6i vi tri thir 86 cla trinh tur axit
amin c6 mi nhan biét SEQ ID NO: 33 dwoc thay thé bang axit amin khac, méc du axit
amin & vi tri khéc v6i vi tri thir 86 do x6a/thém/chén vao hodc tuong tu ddi véi axit amin
& dau tdn cung N hodc C hay ¢ gifra cua trinh ty axit amin c6 ma nhén biét SEQ ID

NO: 33. Ngoai ra, mic du bién thé, trong d6 axit amin thir 86 tir dau tan cing N cua
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trinh tu axit amin c6 ma nhan biét SEQ ID NO: 33 duoc thay thé bﬁng axit amin khac,
duoc mo ta lam vi du cua bién thé glutamat—xystein ligaza cua sang ché, hién nhién rang
bién thé glutamat—xystein ligaza cta sang ché khong bi han ché & bién thé cua trinh tu
axit amin ¢6 ma nhan biét SEQ ID NO: 33, va bién thé trong do axit amin twong ng
voi vi tri 86 cua trinh ty axit amin c6 ma nhan biét SEQ ID NO: 33 duoc thay thé béng
axit amin khac trong trinh ty axit amin bat ky c¢6 hoat tinh cia glutamat—xystein ligaza
cling nam trong pham vi cua bién thé glutamat—xystein ligaza theo sang ché. Trong trinh
tur axit amin bét ky, “axit amin twong Gmg vaéi vi tri thir 86 cua trinh tu axit amin c6 ma
nhan biét SEQ ID NO: 33” ¢6 thé dugc xac dinh bang cac phuong phap can chinh trinh

tur khac nhau da biét trong linh vuc k¥ thuat.

Bién thé glutamat—xystein ligaza cua sang ché trong d6 axit amin twong ung voi
vi tri tha 86 tur dau tan cung N ciia trinh ty axit amin c6 ma nhén biét SEQ ID NO: 33
duoc thay thé bang axit amin khac c6 thé 13 protein chira trinh tu axit amin ¢6 ma nhan
biét SEQ ID NO: 33 hodc trinh ty axit amin c6 it nhat 80%, 85%, 90%, 95%, 96%, 97%,
98%, hodc 99% twong dong hoic ddng nhét voi nd. Ngoai ra, hién nhién rang bat ky
protein c6 trinh tu axit amin bao gém viéc xba, sua ddi, thay thé hodc thém vao mot
hodc mot vai axit amin & vi tri khac véi vi tri thir 86 van thudc pham vi cta sang ché
mién 14 protein van duy tri sy tuong ddng hodc dong nhét nhu mo ta ¢ trén va co hiéu

qua tuong duong voi bién thé. Su twong ddng va dong nhét da duoc mo ta & phan trén.

Gen mi hoa polypeptit c¢6 hoat tinh glutamat—xystein ligaza cua sang ché co thé

g0i 13 “gen GSH1”.

Gen nay co thé c6 ngué)n gbc tir nidm men. Cu thé, gen ndy co thé co ngudn goc tir
vi sinh vat thudc chi Saccharomyces, cu thé hon 14 Saccharomyces cerevisiae. Cu thé,
gen coO thé 1a gen ma hoéa trinh tu axit amin c6 ma nhén biét SEQ ID NO: 33, nhung sang
ché khong bi gidi han & dé.

Theo séng ché, “gen GSH1”, tic 13, polynucleotit ma héa polypeptit c6 hoat tinh
glutamat—xystein ligaza, c6 thé c6 cac stra d6i khac nhau dugc thuc hién trong ving ma
hoéa véi diéu kién khong lam thay ddi trinh tu axit amin cua polypeptit duoc biéu hién
tir ving ma hoa do thoai bién codon hodc xem xét cac codon dugc ua thich boi sinh vat

song trong d6 polynucleotit duoc biéu hién.

Vi polypeptit c6 hoat tinh glutamat—xystein ligaza theo sang ché ciing bao gom cac
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trinh tu cua cac bién thé, bit ky trinh tu polynucleotit ndo ma hoa cac bién thé protein
trong dé axit amin & vi tri thir 86 cla trinh tur axit amin c6 mé nhan biét SEQ ID NO: 33
cua sang ché duoc thay thé bang axit amin khéc cling c6 thé bao gdm ma khong bi gidi

han.

Ngoai ra, polynucleotit ¢6 thé bao gdm trinh tw polynucleotit dugc lai hoa voi dau
do duoc diéu ché bﬁng cach st dung trinh tu gen da biét, vi du, trinh tu polynucleotit bd
sung hoan toan hoac mdt phan cho trinh tu polynucleotit trong cac diéu kién nghiém
ngat dé ma hoéa bién thé protein, trong d6 axit amin twong Gmg vdi vi tri thir 86 cta trinh
ty axit amin ¢6 ma nhéan biét SEQ ID NO: 33 dugc thay thé bang axit amin khac, ma
khong bi gidt han.

Theo khia canh khéc cua sang ché d& xuét ché pham dé biéu hién gen, ché pham
nay bao gdm polynucleotit c6 hoat tinh promoto theo sang ché.

Ché pham dé biéu hién gen dé cap dén ché pham c6 kha niang biéu hién gen bang
cach st dung polynucleotit ¢6 hoat tinh promoto theo sang ché.

Vi du, ché pham d2 biéu hién gen bao gdm polynucleotit ¢ hoat tinh promoto theo
sang ché, va co thé con bao gdm bat ky thanh phan nao khac c6 kha nang hoat dong
polynucleotit nhu promoto.

Trong ché pham dé biéu hién gen theo sing ché, polynucleotit c6 thé & dang ¢o
trong vecto cho phép biéu hién gen duoc lién két chirc nang véi no trong té bao chu.

Theo khia canh khac ctia sing ché d& xuit vecto, vecto nay bao gdm polynucleotit
¢6 hoat tinh promoto hodc polynucleotit va gen ma héa protein dich.

Theo phuong an cua sang ché, protein dich c6 thé 1a polypeptit c6 hoat tinh
glutamat—xystein ligaza.

Nhu duoc sir dung ¢ day, thuat nglr “vecto” dé cap dén céu tric ADN bao gbm
trinh tu polynucleotit mé hoa protein dich, dugc lién két chuc nang voi trinh tu diéu hoa
thich hop dé biéu hién protein dich trong té bao chu thich hop.

Theo muc dich cua sang ché, trinh tu didu hoa c6 thé bao gém polynucleotit c6
hoat tinh promoto theo sang ché.

Trong khi do, trinh tu didu hoa ¢ thé bao gdm promoto dé bat dau phién ma, trinh

tu van hanh dé diéu chinh phién ma, trinh ty ma héa vi tri lién két ribosom mARN thich
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hop va trinh tu diéu hoa két thuc phién ma va dich ma. Sau khi vecto duoc dua vao té
bao ch thich hop, no6 co thé sao chép hoic hoat dong doc 1ap vai bd gen chu va co thé

duoc tich hop vao bd gen.

Vecto dugc st dung trong sang ché khong bi giéi han cu thé, va bat ky vecto da
biét trong linh vurc k¥ thuat déu co thé duogc st dung. Nhu vecto dugc biéu hién trong
nim men, ca hai plasmid ndm men tich hop (YIp) va plasmid ngoai nhiém sac thé déu

c6 thé duogc str dung.

Vecto plasmid ngoai nhiém sdc thé c6 thé bao gom cic plasmid nam men bo sung

(YEp), plasmid ndm men tai tao (YRp) va plasmid doan trung tdm nam men (YCp).

Ngoai ra, nhiém sac thé nam men nhén tao (YACs) con c6 thé duoc st dung lam

vecto theo sang ché.

Vi du cu thé, cac vecto ¢6 sin co thé bao gém pESCHIS, pESC-LEU, pESC-TRP,
pESC-URA, pYES-DEST52 cong ndi, pAO815, pGAPZ A, pGAPZ B, pGAPZ C,
pGAPa A, pGAPa B, pGAPa C, pPIC3.5K, pPIC6 A, pPIC6 B, pPIC6 C, pPIC6a A,
pPIC60. B, pPIC6a C, pPICIK, pYC2/CT, vecto hién thi ndm men pYDI, pYES2,
pYES2/CT, pYES2/NT A, pYES2/NT B, pYES2/NT C, pYES2/CT, pYES2.1, pYES-
DEST52, pTEF1/Zeo, pFLD1, PichiaPinkTM, p427-TEF, p417-CYC, pGAL-MF,
p427-TEF, p417-CYC, PTEF-MF, pBYO011, pSGP47, pSGP46, pSGP36, pSGP40,
ZM552, pAG303GAL-ccdB, pAG414GAL-ccdB, pAS404, pBridge, pGAD-GH,
pGAD T7, pGBK T7, pHIS-2, pOBD2, pRS408, pRS410, pRS418, pRS420, pRS428,
nAm men vi sinh dang A, pRS403, pRS404, pRS405, pRS406, pYJ403, pYJ404, pYJ405,
va pYJ406, ma sang ché khong bi gi6i han ¢ do.

Viéc chén polynucleotit vao nhidm séc thé ¢ thé duoc thuc hién béng bat ky
phuong phéap nao da biét dén trong linh vuc ky thuat, vi du, tai t6 hop tuong d6ng, ma
sang ché khéng bi gidi han ¢ do. Chi dau lya chon co thé con duoc thém vao dé xac
nhan su cheén nhiém séc thé. Chi dau lya chon dugc st dung dé chon céc té bao duoc
bién doi béng vecto, tire 13, dé xac dinh viéc chén phén tir axit nucleic mong mubn, va
cac vi du vé chi déu Iya chon c6 thé bao gbém céc chi dAu cung cap cac kiéu hinh co thé
lua chon, chéng han nhu khang thudc, nhu cau dinh dudng, khang cac tac nhan gay doc
t bao, hodc bidu hién trén bé mat clia polypeptit bién thé. Chi cc té bao biéu hién chi

dau lua chon méi c6 thé song sét hodc bicu hién cac kiéu hinh khéac nhau trong moi
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trudng dugc xu 1y bing tic nhan chon loc, va do d6 cac té bao da bien doi ¢6 the duoc
lwa chon. Vi du, polynucleotit kiéu hoang da co thé duoc thay thé bang polynucleotit

dot bién bang cach st dung vecto dé chén nhiém sdc thé vao cac té bao.

Nhu duoc st dung & day, thuat ngit “bién doi” d& cap dén quy trinh dé chén vecto
chtra polynucleotit ma héa protein dich vao té bao chu dé co thé biéu hién protein dich

trong té bao chu.

Polynucleotit dugc bién ddi co thé & dang dugc chen vao nhiém séc thé cta té bao
chi hodc & dang ndm ngoai nhiém séc thé mién 1a protein duge biéu hién trong té bao
chu. Ngoai ra, polynucleotit ma hoa protein dich co thé bao gdm ADN va ARN mi hoa
protein dich. Polynucleotit ma hoéa protein dich c6 thé duoc dua vao té bao chii dudi bat
ky hinh thirc ndo mién 1a polynucleotit dugc dwa vao té bao chu va protein dugc biéu
hién ¢ d6. Vi du, polynucleotit ma hoa protein dich co thé duoc dua vao té bao chi dudi
dang catxet biéu hién, 1a cdu triac gen bao gom tat ca cac yéu t thiét yéu can thiét cho

qua trinh tu sao chép.

Catxet biéu hién c6 thé thuong bao gdm promoto duoc lién két chtc nang véi
polynucleotit ma hoa protein dich, tin hiéu két thuc phién ma, vi tri lién két ribosom, va
tin hiéu két thic dich ma. Catxet biéu hién c6 thé ¢ dang vecto biéu hién ty sao chép.
Ngoai ra, polynucleotit ma hoa protein dich co thé duoc dua vao té bao chi & dang goc
ban dau va duoc lién két chtc nang v6i trinh tu can thiét cho sy biéu hién trong té bao

chu, ma sang ché khong bi gidi han ¢ do.

Ngoai ra, nhu duge st dung ¢ day, thuat ngr “lién két chirc nang” c6 nghia la trinh
tu polynucleotit ma hoa protein dich cua sang ché duoc lién két chiic nang voi trinh ty

promoto dé bat d4u va 1am trung gian dich ma cta trinh tu polynucleotit.

Theo muc dich cua sang ché, promoto c6 thé 1a polynucleotit c6 hoat tinh promoto

theo sang ché.

Céc phwong phap bién doi theo séng ché bao gém bat ky phuong phap nao cho
phép dua vecto vao té bao chi, va c6 thé duoc thuc hién bang cac k¥ thuat tiéu chuan
thich hop di duoc biét dén trong linh vyc ky thudt duge lua chon phit hgp véi t€ bao
cht. Vi du, dién di, két tia canxi phosphat (CaPOs), két thia canxi clorua (CaCly), vi tiém,
phuong phap polyetylen glycol (PEG), phuong phap DEAE-dextran, phuong phap

liposom cation, va phwong phap lithi axetat— MSO ¢6 thé duge str dung, nhung sang ché
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khong bi gidi han & do.

Theo khia canh khéc cta sang ché d& xuét vi sinh vat chira polynucleotit c6 hoat
tinh promoto theo sang ché, polynucleotit chita polynucleotit duoc mé ta ¢ trén, va gen

ma hoa protein dich, hodc vecto chira polynucleotit.

Protein dich c6 thé 14 polypeptit c6 hoat tinh glutamat—xystein ligaza. Polynucleotit
c6 hoat tinh promoto theo sang ché, protein dich, polypeptit c6 hoat tinh glutamat—

xystein ligaza, va vecto nhu duoc mo ta ¢ trén.

Vi sinh vat c6 thé 1a nim men, cu thé 1a vi sinh vat thudc chi Saccharomyces sp.,

va cu thé hon la Saccharomyces cerevisiae.

Vi sinh vt c¢6 thé 1a vi sinh vat biéu hién glutamat—xystein ligaza, vi sinh vt biéu
hién polypeptit c6 hoat tinh glutamat—xystein ligaza, hodc vi sinh vat trong d6 polypeptit

c6 hoat tinh glutamat—xystein ligaza dugc dua vao, ma sang ché khong bi gidi han & do.

Theo phuong an cla sang ché, vi sinh vat co thé 1a vi sinh vat co kha nang san sinh
glutathion, vi sinh vat duoc diéu ché bang cach ting cudong kha ndng san sinh glutathion
& dong bd me c6 kha niang sén sinh glutathion thip mét cach tu nhién, hodc vi sinh vét
dugc diéu ché bang cach tao kha ning san sinh glutathion cho dong bb me khong thé
san sinh glutathion. Theo phuong 4n cta sang ché, vi sinh vét c¢6 thé 1a vi sinh vat biéu
hién bién thé glutamat—xystein ligaza bao gdm it nhit mot bién dbi axit amin trong trinh
tu axit amin c6 ma nhéan biét SEQ ID NO: 33, va su bién ddi axit amin c6 thé bao gém
su thay thé axit amin thér 86 tr dAu tan cung N ¢ ma nhén biét SEQ ID NO: 33 bang
axit amin khac. Tuy nhién, sang ché khong bi gi6i han & do. Bién thé glutamat—xystein

ligaza nhu dugc md ta ¢ trén.

Nhu duoc sir dung ¢ day, thuat ngit protein “dugc biéu hién/da biéu hién” c6 nghia
1a trang thai trong do protein dich, vi du, glutamat—xystein ligaza hoac bién thé cta no,
dwoc dua vao hodc sira d6i dé duoc biéu hién trong vi sinh vat. Trong truong hop khi
protein ¢6 mat trong vi sinh vat, hoat tinh cua protein dugc tang cudng so véi hoat tinh

ctia protein ndi sinh ctia n6 hoac trude khi stra doi.

Cu thé, thuét ngit “dwa vao protein” dé cép dén viéc cung cap hoat tinh cua protein
cu thé cho vi sinh vat khong s& hitu protein hodc tang cuong hoat tinh cua protein so voi

hoat tinh ndi tai ciia protein hodc hoat tinh trudce khi sira doi. Vi dy, viéc dua vao protein
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c6 thé dé cap dén viéc dua polynucleotit ma héa protein vao nhiém sic thé hodc dua
vecto chira polynucleotit ma hoa protein cu thé vao vi sinh vat d€ tir d6 bicu hi¢n hoat

tinh ctia protein.

Ngoai ra, “tang cuong hoat tinh” c6 thé c6 nghia 12 hoat tinh cta protein cu thé cua
vi sinh vét duoc ting cudng khi so sanh voi hoat tinh noi tai hodc hoat tinh trude khi
stra d61. Thuét ngit “hoat tinh noi tai” c6 thé dé cap dén hoat tinh cua protein cu thé duoc
5o hitu boi dong bd me trudce khi bién dbi khi vi sinh vat duge bién doi boi bién doi gen
tu nhién hoac nhan tao.

Theo muc dich cta sang ché, viéc ting cudng hoat tinh c6 thé dat dugc bang cach
str dung trinh tu polynucleotit c6 hoat tinh promoto theo sang ché 1am trinh ty diéu hoa
biéu hién cta protein dich. Protein dich co thé 12 kiéu hoang di hoic bién thé nhu mo ta
& trén, trinh tu diéu hoa biéu hién c6 thé 14 trinh tu diéu hoa biéu hién cia gen ma hoa
bién thé protein hodc trinh tu diéu hoa biéu hién cta gen nhiém sic thé ma hoa protein

kicu hoang da.

Ngoai ra, bit ky phuong phap nao khac dé tang cuong hoat tinh hodc phuong phap
két hop c6 thé duge st dung. Vi du, ngoai phwong phap sir dung trinh tu polynucleotit
c6 hoat tinh promoto theo sang ché 1am trinh tu didu hoa biéu hién cta protein dich, it
nhét mot phuwong phip dugc chon tir nhém bao gém phuong phap tang s6 luong ban sao
cua gen ma hoa protein dich trong té bao, phuong phap thay thé gen nhiém sic thé ma
hoa protein kiéu hoang da bing gen ma hoa bién thé protein, phuong phép dua thém dot
bién vao gen ma hoa protein dé tang cuong hoat tinh cta bién thé protein, va co thé sir
dung phuong phap dua bién thé protein vao vi sinh vat, ma sang ché khong bi gidi han
¢ do.

Hoat tinh cua protein dich c6 thé duge ting cudng bang cach sir dung polynucleotit
c6 hoat tinh promoto theo sang ché 1am trinh ty diéu hoa biéu hién cua protein dich trong

vi sinh vat.

Vi du, hoat tinh hoc ndng dd ctia protein thudng c6 thé ting 1én téi thieu 1%, 10%,
25%, 50%, 75%, 100%, 150%, 200%, 300%, 400% , hodc 500% dén toi da 1000% hodc
2000%, so vai hoat tinh hodce n@mg dd cta ching vi sinh vat kiéu hoang da hodc khong
stra d6i, ma sang ché khong bi gi6i han ¢ do.

Nhu duoc str dung & day, thuat ngit “vi sinh vat khong stra d6i” khong loai trur cac
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ching c6 dot bién c6 thé xay ra tuy nhién & vi sinh vat, va co thé 1a chung kiéu hoang da,
vi sinh vat khong chira polynucleotit ¢6 hoat tinh promoto theo sang ché, hoic vi sinh
vat khong duoc bién ddi véi vecto chira polynucleotit co hoat tinh promoto theo sang

ché.
Vi sinh vét theo sang ché c6 thé 1a vi sinh vat san sinh glutathion.

Nhu duoc str dung ¢ day, thut nglt “glutathion” c6 thé dugc str dung thay thé véi
“GSH” va d& cap dénhop chét tripeptit gdm c6 3 axit amin: glutamat, xystein, va glyxin.
Glutathion c6 thé dugc st dung lam nguyén liéu thé cho duoc phém, thurc phém chure
nang cho suc khoe, thanh phan huong vi, phu gia thyc pham va thtrc an chin nudi, my

phém, va nhitng loai twong tu, nhung khong bi gidi han ¢ do.

Nhu duoc str dung & day, thuét ngit “vi sinh vat san sinh glutathion” bao gdm cac
vi sinh vt trong d6 viéc sua ddi gen ty nhién hodc nhan tao xay ra, va ¢ thé dé cap dén
vi sinh vat ¢6 co ché cu thé bi suy yéu hoic ting cuong thong qua viéc dua vao gen
ngoai sinh hodc tang cuong hodc bét hoat gen noi sinh bfmg cach sira dbi gen dé tao ra
glutathion. Theo muc dich cua sang ché, vi sinh vat san sinh glutathion c6 thé dé cap
dén vi sinh vat chira polynucleotit c¢6 hoat tinh promoto theo sang ché va c6 kha ning
san sinh lwong 16n glutathion muc tiéu so véi vi sinh vat kiéu hoang da hodc khong sua
doi.

“V1i sinh vt san sinh glutathion” ¢6 thé duoc sir dung thay thé voi “vi sinh vat san
sinh glutathion”, “vi sinh vat c¢6 kha nang sian sinh glutathion”, “chung san sinh

glutathion”, “ching c6 kha nang san sinh glutathion”, hodc cac thuat ngir tuong tr.

Vi sinh vat san sinh glutathion c6 thé 14 vi sinh vat tai t6 hop. Vi sinh vt tai to hop
duoc mo ta ¢ trén. Vi sinh vat ¢ thé bao gom dot bién dé tang cuong con dudng sinh
' tong hop dé tang kha ning san sinh glutathion, gidi phong uc ché phan hdi, hodc bt
hoat cac gen lam suy yéu con dudng thoai héa hodc con duong sinh tong hop, va dot
bién nhu vy c6 thé do phuong phap nhén tao, vi du, chiéu xa cuc tim, va khong loai trur
d6t bién xay ra tu nhién.

Theo khia canh khac cia sang ché dé xuit phuong phap san xudt glutathion,
phuong phap nay bao gbm nudi cdy vi sinh vt trong mdi trudng nuoi cdy. Vi sinh vat
va glutathion dugc mo ta ¢ trén. Glutathion ¢c6 thé duoc tich lily trong vi sinh vét bang

cach nudi cay chung.
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Dbi véi modi truong nudi cay duoc sir dung dé nudi cdy chung theo sang ché hoac
cac diéu kién nudi cdy khac, bat ky moéi truong nuodi chy nao thuong duogc st dung dé
nudi cdy vi sinh vat thudc chi Saccharomyces déu c6 thé duoc s dung ma khong bi gidi
han, va cu thé, chiing nay theo séng ché ¢6 thé duoc nudi ciy trong mdi truong thong
thuong c6 chita cac ngudn cacbon, ngudn nito, ngudn phospho, cac hop chat vo co, cac
axit amin, va/hoac vitamin thich hop trong diéu kién hiéu khi hoic ky khi trong khi diéu

chinh nhiét 9, do pH, va nhiing thu tuong tu.

Theo sang ché, dbi voi ngudn cacbon, cic carbohydrat nhu glucoza, fructoza,
sucroza, va maltoza; rugu duong nhu manitol va sorbitol; axit hitu co nhu axit pyruvic,
axit lactic, va axit xitric; va cac axit amin nhu glutamat, metionin, va lysin c6 thé duoc
st dung, ma sang ché khong bi gioi han & d6. Ngoai ra, cac chat dinh dudng hitu co tu
nhién nhu san phém thuy phén tinh bét, mat duong, mat mia den, cam gao, san, ba mia
va dich chiét ngod co thé duoc st dung, va cac carbohydrat nhu glucoza va mat duong
da duoc xu ly trude vo trung (tic 1a, mat duong duoc chuyén hoa thanh duong khir) co
thé duoc sir dung, va cic lugng thich hgp cla bat ky nguén cacbon nao khéc cling cé
thé duoc st dung khong gié1 han. Cac nguén cacbon nay co thé duoc st dung mot minh

hodc két hgp véi it nhat hai nguon cacbon.

DBéi véi nguén nito, cac nguén nito vo co nhu amoniac, amoni sulfat, amoni clorua,
amoni axetat, amoni phosphat, amoni carbonat, va amoni nitrat; va cac ngudn nito hitu
co nhu axit amin, pepton, NZ-amin, chiét xuit thit, chiét xuét men, chiét xuit mach nha,
rugu ngod, thuy phan casein, ca hodc cac san pham phan hity ctia chiing, va banh déu
nanh da khtr chét béo hodc cac san phdm phan hity ctia ching ¢ thé duoc s dung.
Nhirng ngudn nito nay c6 thé duoc stir dung mot minh hodc két hop vdi it nhét hai trong

sO cac ngudn nito nay.

D61 v6i cac nguon phospho, monokali phosphat, dikali phosphat, hodc cac muoi
chra natri twong g véi ching cé thé duge s dung. D6i véi cac hop chat vo co, natri
clorua, canxi clorua, sat clorua, magie sulfat, sat sulfat, mangan sulfat, canxi carbonat,

va nhitng chét tuong tu c¢6 thé duoc sir dung.

MBai trudng nudi cay con ¢ thé bao gdbm cac axit amin, vitamin va/hodc cac tién
chét pht hop. Cu thé, axit amin L hodc twong ty ¢6 thé dugc thém vao méi truong nudi

cdy chung. Cu thé, c6 thé thém glyxin, glutamat va/hodc xystein vao moi trudng nudi
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cdy, va cac axit amin L nhu lysin con c6 thé duoc thém vao d6, néu can, nhung sang ché
khong bi gidi han ¢ do.
MOoi trudng nudi ciy va céc tién chat c6 thé dugce bo sung vao cac qua trinh nudi

cay theo mé hodc lién tuc, ma sang che khong bi gi6i han ¢ do.

Theo sang ché, trong qua trinh nuéi ciy chung, cac hop chéat nhu amoni hydroxit,
kali hydroxit, amoniac, axit phosphoric va axit sulfuric c6 thé duoc thém vao moéi truong
nudi cy mét cach thich hop dé diéu chinh d6 pH clia mdi truong nudi cdy. Ngoai ra, co
thé thém chét khir bot nhu este polyglycol clia axit béo dé han ché tao bot trong qua
trinh nudi cdy. Ngoai ra, oxy hodc khi chira oxy c6 thé duge bom vao moi trudomg nudi
cdy dé gilr cho mdi truong nudi cay trong diéu kign hiéu khi, va khi nito, hydro, hogc
cacbon dioxit ¢ thé dugc bom vao cac mau nudi cay dé gitt cho qué trinh nuéi cdy trong

didu kién ky khi va vi hiéu khi ma khong can bom bat ky loai khi nao khac vao do.

Nhiét do ctia cac mau nudi cay co thé duoc duy tri ¢ 25°C dén 40°C, cu thé hon la
& 28°C dén 37°C, ma sang ché khong bi gi6i han ¢ d6. Viéc nudi cdy c6 thé duoc tiep
tuc cho dén khi thu dugc lugng séan phidm mong mudn, cu thé 1a trong 1 gid dén 100 gio,
ma sang ché khong bi gi6i han & do.

Phuong phap san xuit glutathion c¢6 thé con bao gdm quy trinh bo sung sau bude
nudi cdy. Quy trinh bo sung co thé dwoc lua chon phu hop theo muc dich su dung

glutathion.

Cu thé, phuong phép san xuat glutathion c6 thé con bao gom thu hdi glutathion
duoc lua chon tir it nhat mot trong so vi sinh vat dugc nudi cay, san pham sy kho cua
vi sinh vat, chiét xuat ctia vi sinh vat, sén pham nudi cay cua vi sinh vat, va chat ly giai

cua vi sinh vat, sau budc nudi cay.

Phuong phéap c6 thé con bao gbm ly giéi vi sinh vat (ching) trude hoac dong thoi
v6i bude thu hdi. Viée ly giai ching ¢6 thé dugc thuc hién bang bat ky phuong phap
nao thuong duge s dung trong linh vuc k¥ thuat ma sang ché dé cap dén, vi du, béng
cach xtr 1y nhiét hodc bang cach st dung dung dich dém dé ly giai, may pha mau bang
song si€u am va may €ép kiéu Phép. Ngoai ra, budc ly giai co thé bao gdm phan ung
enzym badi enzym lytic cia thanh té bao, nucleaza, transnucleotidaza, proteaza, hoac

twong tu, ma sang ché khong bi gi6i han ¢ do.
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Theo muc dich cua sang ché, theo phuong phép san xuét glutathion, nam men kho,
chiét xudt nAm men, va bot hon hop chiét xuat nAim men, mdi loai co ham luong
glutathion cao, va glutathion tinh khiét c6 thé duoc diéu ché. Tuy nhién, sang ché khong
bi gi6i han ¢ do, va nhitng san phdm nay c6 thé dugc didu ché thich hop theo san pham
mong mudn.

Theo sang ché, nim men kho c6 thé duoc st dung thay thé voi “san pham siy kho
cta vi sinh vat”, “san pham sy kho ctia chiing”, hodc céc san phdm tuong tu. Nam men
kho cé thé dugc didu ché biang cach siy kho chung men trong d6 glutathion dugc tich
iy, va cu thé, n6 c6 thé dugc chira trong ché phém thitc &n chan nudi, ché phém thuc
pham, va nhitng loai twong tu, ma sang ché khong bi giéi han o do.

Theo sang ché, chiét xuét nAm men c6 thé duge str dung thay thé véi cac thuat ngit
nhu “chiét xuit cta vi sinh vat”, “chiét xuat chiing”, hodc tuong tu. Chiét xuat chung ¢6
thé d& cap dén cac chat con lai sau khi tach thanh té bao ra khoi ching. Cu thé, chiét
xuét ching c6 thé d& cap dén cac thanh phin con lai sau khi loai b thanh & bao khoi
cée thanh phan thu duge bing cach ly giai té bao. Chiét xuat ching bao gom glutathion
va mot hoac nhiéu thanh phﬁn khac duoc lua chon tir protein, carbohydrat, axit nucleic,

va cac soi ngoai glutathion, ma sang ché khong bi gigi han ¢ do.

Buéc thu hdi co thé dwoc thuc hién bang cach sir dung bat ky phuong phép phu

hop nao d biét trong linh vire k§ thuat, va glutathion la cht dich c6 thé dugce thu hoi.

Budc thu hdi c6 thé bao gdbm quy trinh tinh ché. Quy trinh tinh ché c6 thé duoc
thuc hién bang cach tich glutathion khéi ching. Thong qua qua trinh tinh ché, glutathion

tinh khiét c6 thé duoc diéu ché.

Néu can, phwong phap didu ché glutathion co thé con bao gém tron ta duge voi
mot trong s duoc lua chon tir ching, san phém séy khd, chét chiét Xuét, san phém nudi
cdy, va ly giai ctia chung, va glutathion dugc thu hdi tir d6. Bang budc trén, bdt hon hop

chiét xuat nam men c6 thé dugc diéu ché.

T4 duoc co thé duoc lua chon thich hop va st dung theo cach sir dung hodc dang
dinh trudc, va co thé 13, vi du, duogc chon tr tinh bot, glucoza, xenluloza, lactoza,
glycogen, D-manitol, sorbitol, lactitol, maltodextrin, canxi carbonat , nhém silicat tong
hop, canxi monohydro phosphat, canxi sulfat, natri clorua, natri hydro carbonat, lanolin

tinh khiét, dextrin, natri alginat, metyl xenluloza, gel silic dang keo, tinh bot
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hydroxypropyl, hydroxypropylmetyl xenluloza, propylen glycol, casein, canxi lactat,
primojel, va gom Arabic, va cu thé, n6 c6 thé bao g61n it nhat mot thanh phén duoc chon
tir tinh bot, glucoza, xenluloza, lactoza, dextrin, glycogen, D-manitol va maltodextrin,

ma sang ché khong bi gii han ¢ do.

T4 duge c6 thé bao g6m, vi du, chit bao quén, chét gitr 4m, chét phén tan, chét tao
huyén phu, chit dém, chit 6n dinh hoic chét drfmg truong, ma sang ché khong bi gidi

han & do6.

Theo khia canh khac cta séng ché d& xuét viéc sir dung polynucleotit, trong do it
nhat mot nucleotit duogc chon tir cac nhom gém cac nucleotit thir 92, 94, 102, 103, 249,
va 251 cua trinh tu polynucleotit c6 mad nhan biét SEQ ID NO: 1 hodc SEQ ID NO: 2

duoc thay thé bang nucleotit khac, lam promoto.
Polynucleotit duge mo ta ¢ trén.
Vi du thuc hién siang ché

Sau day, sang ché s& dugc md ta chi tiét c6 tham chieu dén cdc vi du va cac vi du
thtr nghiém bén dudi. Tuy nhién, cac vi du va cac vi du thir nghiém bén dudi chi duoc
dua ra @& 1am vi du minh hoa cho sang ché, va pham vi bao ho cua sang ch€ khong bi
2161 han ¢ do.

Vi du 1: Thu duoc ching CJ-5 ¢6 kha nang san sinh glutathion

Céac ching thu duge tir cac khoi ndm men co6 chira cac chung khac nhau, va dac

tinh cua chiung duoc cai thién dé chon ra chung c6 khé nang san sinh glutathion.

Cu thé, cac mau ngl cde nhu gao, lta mach, dau xanh va yén mach duoc thu thap
tir 20 khu vuc, ching han nhu Hwaseong, Pyeongtaek, Yongin, va nhiimg noi tuong tu
& Gyeonggi-do, Han Quéc, sau d6 dugc nghién thanh bodt, nhao, goi bang vai, ép chit

tao hinh, boc rom i men trong 10 ngay, sdy kho tir tir dé tao khdi ndm men.

Thtr nghiém sau day dugc thyc hién dé phéan lap cac chung khac nhau khoi cac
khéi ndm men dugc diéu ché. 45 ml dung dich mudi duoc thém vao 5 g khdi ndm men
va nghién thanh bot bing may tron. Dé phén lap thudn khiét chung nam men, bot thu
dwoc duge pha lodng bang cach pha lodng ndi tiép, trai trén thach YPD (10 g/1 chiét xuét
nam men, 20 g/l Bacto pepton, va 20 g/l glucoza trén 1 1 nudce cat), va duoc nubi cay &

30°C trong 48 gior. Sau d6, dya trén hinh théi ciia khuén lac va xéc minh bang kinh hién
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V1, Cac khuén lac cua nam men duoc xép thanh vét trén thach YPD. 25 ml mo1 truong
YPD dugc cdy vao binh tam gidc 250 ml, va ching da phan lap thuan khiét duoc cay
chung vao d6 va dugc nudi cdy trong t 4m lic trong 48 gid & 30°C va 200 vong/phut.

Céc chung duogc sang loc bang cach xac dinh viéc san sinh glutathion.

Dé tang cudng cic chung chi yéu duoc phan 1ap, dot bién ngau nhién da duogc gay
ra trong cac chung duoc phan 14p. Cu thé, chiing dugc x4c nhan la c6 kha nang san sinh
glutathion da dugc phan lap tir cac khéi ndm men va duge dit tén a chung CJ-37. Ching
CJ-37 duoc nudi cay trong mdi truong rin va duoc cdy ching vao méi truong nudi ciy
dé thu duoc dung dich nudi cdy ctia no, va dung dich nudi chy dugc chiéu tia cyc tim
bang dén cuc tim. Sau khi dung dich nudi cdy da chiéu tia cyc tim dugc céy chuyén trén
moi truong dia, chi c6 ching dot bién di hinh thanh khuan lac duoc phan lap, va viéc

san sinh glutathion cua ching duoc xac dinh.

Két qua la, trong s6 cac chung dot bién, ching thé hién kha ning san sinh luong
glutathion 16n nhat duoc lua chon 1am ching san sinh glutathion va duoc dat tén la
chung CJ-5 va dugc nop luu chung theo Hiép wdc Budapest vao Trung tam nudi ciy vi
sinh vat Han Qudc (Korean Culture Center of Microorganisms: KCCM) v6i s6 luu

chung KCCM12568P vao ngay 31/07/2019.

Vi du 2: Phat trién trinh tw da stra ddi cia GSH1 bang thir nghiém dé ting cudng
thém cho chung CJ-5

Vi du 2-1: Gay ra dot bién va xé4c dinh trinh ty da stra doi

Dot bién duoc giy ra theo cach thire sau d€ cai thién hon nita kha nang san sinh

glutathion cta chung CJ-5

Chung CJ-5 dugc nuoi ciy trong moi truong rdn va cdy chiing vao mdi trudng nudi
céy dé thu duoc dung dich nudi céy, va dung dich nuoi céy duoc chiéu tia cyc tim béng
dén cuc tim. Sau khi dung dich nudi ciy da chiéu tia cuc tim dugc cdy chuyén trén méi
truomg dfa, chi dong dot bién da hinh thanh khuan lac duge phan 1ap. Ching thé hién
kha nang san sinh glutathion 16n nhét duoc phan 1ap va dat tén 1a chung CC02-2490 va
duoc nop luu ching theo Hiép udc Budapest vao Trung tAm nudi cdy vi sinh vat Han
Qudc (Korean Culture Center of Microorganisms: KCCM) voi s6 luu chung
KCCM12659P vao ngay 17/01/2020. Két qua clia viéc phén tich trinh tu bazo clia gen

sinh tong hop glutathion, GSHI, lién quan dén viéc tang cudng kha nang san sinh
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glutathion cta chung, khéng dinh rang xystein la axit amin thir 86 cua protein GSHI1

duoc ma hoa bodi gen GSH1 da duoc thay thé bang arginin.
Vi du 2-2: Thir nghiém sy thay thé géc C86 cua protein GSH1

Xét rang axit amin & vi tri thit 86 cua protein GSH1 ¢6 vai tro quan trong trong san
sinh glutathion dya trén cac két qua ciua vi du 2-1, cac chung dot bién cua
Saccharomyces cerevisiae (S. cerevisiae) CEN.PK2-1D va chung CJ-5 Saccharomyces
cerevisiae (S. cerevisiae) dugc didu ché dé biéu hién cac bién thé protein trong do
xystein & vi tri thit 86 cua protein GSH1 dugc thay thé bang axit amin khic, va su gia

ting san sinh glutathion da duoc xac dinh.

Dé diéu ché cac chung trong d6 xystein ¢ vi tri th 86 cua protein GSH1 cua
Saccharomyces cerevisiae dugc thay thé bang arginin, cic plasmid pWAL100 va
pWBR100 da duoc st dung c6 tham chiéu dén cong bd cta Lee TH, et al. (J. Microbiol.
Biotechnol. (2006), 16 (6), 979-982). Cu thé, phan tmg chudi polymeraza (PCR) duoc
thuc hién nhu sau bﬁmg cach s dung ADN bd gen cua chung CJ-5 lam mach khuon.
Trinh tuy mot phén ctia dau tan cung N ctia protein GSH1 bao gom trinh tu ké cdn BamHI
déu tan cung N, codon khdi diu GSH1 ORE, va trinh tw ma hoa dot bién C86R thu duoc
bing cach thuc hién PCR sir dung cdp mdi c6 ma nhén biét SEQ ID NO: 34 va SEQ ID
NO: 35, va trinh tu mot phin ctia dau tan cing C cta protein GSHI1 bao gdm trinh tu ké
¢an Xhol d4u C, codon két thiic ORF GSHI va trinh tw ma hoa dot bién C86R thu dugc
bé“mg cach thuc hién PCR st dung cdp mdi c6 mi nhéan biét SEQ ID NO: 36 va SEQ ID
NO: 37. Sau do6, do két qua thuc hién PCR chéng lép béng cach su dung hai trinh tu lam
mach khudn véi cdp mdi c6 mi nhan biét SEQ ID NO: 34 va SEQ ID NO: 37, phén
doan ORF GSHI, bao gdm trinh ty mi hoa bién thé GSHI trong d6 xystein ¢ vi tri thi
86 duoc thay thé béng arginin va céc trinh ty enzym gi6i han BamHI d4u N va Xhol dau
C thu duoc. Phan doan ORF dugc xu ly bang BamHI va Xhol va sau d6 dugc nhan ban
thanh vecto pWAL100 dugc xur ly bang cac enzym tuong tu dé diéu ché vecto
pWAL100-GSH1 (C86R).

Ngoai ra, 500 bp phia sau tir codon két thac ORF GSH1 bao gom cic trinh tu
enzym gidi han Spel d4u N va Ncol dau C thu dugc bang cach thuc hién PCR su dung
ADN b6 gen cta chung CJ-5 lam mach khudn va cap mdi ¢6 ma nhan biét SEQ ID NO:
38 va SEQ ID NO: 39 va dugc xur ly bang cac enzym giéi han Spel va Ncol. Sau do,

[\
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san pham thu dugc dugc nhan ban thanh pWBR100 duoc xu ly bang cac enzym tuong
tu dé didu ché vecto pWBR100-GSHI.

Truéc khi didu ché phan doan ADN cudi cung dé dua vao ndm men, cic san pham
PCR bao gém dét bién arginin mi héa trinh tu va mot phin KIURA3 da thu dugc bang
cach str dung vecto pWAL100-GSH1 (C86R) dugc diéu ché nhu mé ta & trén lam mach
khuon va cip mdi c6 ma nhan biét SEQ ID NO: 34 va SEQ ID NO: 40, va cac san pham
PCR bao gdm phan KIURA3 va 500 bp phia sau tir codon két thuec GSH1 thu dugc bang
cach st dung vecto pWBR100-GSH1 1am mach khudn va cap mdi ¢6 ma nhan biét SEQ
ID NO: 41 va SEQ ID NO: 39. S. cerevisiae CEN.PK2-1D va S. cerevisiae CJ-5 dugc
bién dbi voi cac san pham PCR theo cung ty 1& mol. PCR duoc thyuc hién thong qua bién
tinh & 95°C trong 5 phut, u ¢ 53°C »trong 1 pht, va trang hop trong 1 phut cho moi kg
& 72°C, va qua trinh bién ddi men duogc thuc hién theo phuong phép lithi axetat da duoc
stra d6i tir phuong phéap duoc boce 19 trong an pham cta Geitz (Nucleic Acid Research,
20(6), 1425). Cu thé, cac té bao nAm men c6 O.D. tr 0,7 dén 1,2 duoc rua bé‘mg dung
dich dém lithi axetat/TE hai 1an va tron véi cac san pham PCR va ADN soi don (Sigma
D-7656). Hon hop nay dugce nubi ciy trong didu kién nudi cdy tinh trong dung dich dém
lithi axetat/TE/40% PEG & 30°C trong 30 phat va ¢ 42°C trong 15 phut. Sau do, cac té
bao duge nudi ciy trong dia thach SC (2% glucoza) khong bao gbm uraxil cho dén khi
céc khuin lac c6 thé nhin th?iy duogc dé thu duoc ching ma trinh ty ma hoa dot bién
C86R GSHI1 va gen KIURA3 dugc dua vao. Sau do, dé loai bo KIURA3, cac chung
duoc nudi cay trong 2 ml YPD qua dém, pha lodng véi ty 1¢ 1/100, duoc cay chuyén
trén dia thach SC (2% glucoza) bao gdm 0,1% 5-FOA dé diéu ché ching dot bién S.
cerevisiae CEN.PK2-1D GSH1 C86R va chung dot bién S. cerevisiae CJ-5 GSH1 C86R
ma tir d6 chi ddu uraxil da bi loai bé. Céc ching c6 kha nang biéu hién cac bién thé
GSH1 trong d6 xystein duogc thay thé bang 18 loai axit amin ngoai arginin ciing dugc
diéu ché theo cach tuong tu, ngoai trix cap mdi c6 ma nhan biét SEQ ID NO: 35 va SEQ
ID NO: 36 trong d6 trinh ty ma hoa arginin thir 86 da dugc thay thé bang trinh tw ma

héa axit amin khac.

Bang 1

DPoan mdi Trinh ty 5" — 3’
F BamHI GSHI1
(SEQ ID NO: 34)

GGTAGGATCCATGGGACTCTTAGCTTTGGGCAC
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(SEQ ID NO: 37)

R GSHI C86R
E N T TAAGGGACGAA
(SEQ ID NO: 35) TTAGCCTCCCTAAGGGACGAATCCT
F GSHI C86R
E N TCCCT AGGCTAACGATGT
(SEQ ID NO: 36) CGTCCCTTAGGGAGGCTAACGATG
R Xhol GSHI

ATGACTCGAGTTAACATTTGCTTTCTATTGAAGGC

F Spel GSH1 _DW
(SEQ ID NO: 38)

TAGAACTAGTACTCCTTTTATTTCGGTTGTGAA

R Ncol GSHI DW
(SEQ ID NO: 39)

GCTGCCATGGGAATAGTGTGAACCGATAACTGTGT

R_AL killer
(SEQ ID NO: 40)

GAGCAATGAACCCAATAACGAAATCTT

F BR killer
(SEQ ID NO: 41)

CTTGACGTTCGTTCGACTGATGAG

Sau khi nuéi cy cac ching duge dieu ché nhu md ta ¢ trén trong 26 gio, nong do

cua glutathion (GSH) da san sinh dugc do va thé hién trong Bang 2 va 3.

Bang 2
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S.cerevisiae CEN.PK2-1D
Nong do GSH
Pot bién (mg/L) Ting (l4n)
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Bang 3
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S.cerevisiae CJ-5

No6ng do GSH
Dot bién (mg/L) Tang (1an)
_ 26 gi(‘)’
pTignglvong, |y 2713 o & 51,008 &

R 30.6:. 1,22

N 1,9 1,19

D 18,4 1,17

E /144 1,16

p ~ 7304,2 1,12

K ,302,4 1,11

A fe 2949 1,09

Q 286,4 1,06

v 2856 1,05

F 2825 1,04

Y 277,5 1,02

W 276,0 1,02

S 274,5 1,01

T 273,9 1,01

{ 273,5 1,01

H 2721 1,00
272,0 1,00

Vi két qua cia thir nghiém, khéang dinh rang kha ning san sinh glutathion thu
duoc bing cach thay thé xystein & vi trf thir 86 cua protein GSH1 bang axit amin khac
da tang 1én dén 27% so v6i kha ndng san sinh glutathion thu dugc bang protein GSH1

kiéu hoang da.

Vi du 2-3: Gay ra dot bién bd sung dé ting cudng kha nang san sinh glutathion va

xac dinh trinh tu d3 sta doi

Dot bién dugc giy ra theo cach sau dé tang cudng hon kha nang san sinh glutathion

cua ching CC02-2490.

Chung CC02-2490 duoc nubi ciy trong mdi truong ran va cdy chung vao moi
truong nudi céy dé thu duoc dung dich nudi céy, va dung dich nuoi céy duoc chiéu tia
cuc tim béng dén cuc tim. Sau khi dung dich nuoi cﬁy duoc chiéu anh sang cuc tim duoc
cdy chuyén trén m6i trudng dia, chi chiing dot bién da hinh thanh khuén lac dugc phan

1ap, va cdc trinh ty cia ving ma héa GS1 va vung phia trude cua ching duoc phén tich
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trong chung c6 kha nang san sinh glutathion dugc tang cuong nhat.

Két qua 1, khing dinh ring viéc bién d6i xay ra & cac vi tri =250 (C—T), =252
(G—A), =398 (A—T), =399 (A—C), =407 (T—C), va =409 (T—C) phia trudc tu trinh
tu ORF GSH1. Chiing dugc dit tén 1a ching CC02-2544 va dugc ndp luu chung theo
Hiép uwdc Budapest vao Trung tim nudi céy vi sinh vat Han Quéc (Korean Culture
Center of Microorganisms: KCCM) voi sb luu ching KCCM12674P vao ngay
20/02/2020.

Vi du 2-4: X4c dinh kha nang san sinh glutathion theo dot bién trong promoto
GSH1

Dé so sanh kha ning san sinh glutathion véi su-c6 mat va khong c6 mat cua dot
bién trong promoto, kha ndng san sinh glutathion cta chung CC02-2490 duoc diéu ché
trong vi du 2-1 va cua ching CC02-2544 duoc didu ché trong vi du 2-3 dugc do. Kha
nang san sinh glutathion cta chung CEN.PK1-D kiéu hoang da va chiing CJ-5 dugc do

lam déi chimg va duogc thé hién trong bang 4 bén dudi.

Bang 4
10 gio 26 gio 32 gio
, 3 Ham
Chun i Ggsy | Ham GSH
& ODsoo | ODeoo L lugng ODsoo 7 L lugng
mg/L) | GsH (%) (ML) 591 (%)

1 372 | 514 | 844 0.8 50.6 96.1 0.9
CENPKILD L2 362 | 516 | 822 0.8 52.0 92.6 0.9
Trung | 500 | 515 | 83,3 0.8 51,3 94 4 0.9

binh
| 302 | 478 | 2664 | 27 56.8 267.1 23
2 5 3
Cls 300 | 534 | 2561 2.3 55.6 266.0 2,
Trung | 561 | s06 | 2612 | 25 56,2 266,5 2.3

binh
1 364 | 634 | 3754 | 29 63.2 368.6 2.8
022490 2 374 | 648 | 3798 | 28 61,6 3792 3.0
Trung | 509 | 641 | 3776 | 2.9 62,4 3739 2.9

binh
| 378 | 662 | 4777 | 3.5 64 4 482.0 3.6

2 7 3

CC0-2544 2 388 | 64,4 | 4842 | 37 60.6 477.0 3.8
Trung | 503 | 653 | 481,0 | 3.6 66,6 | 4795 37

binh
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Vé6i két qua cta thir nghiém, khang dinh rdng viéc san xuat glutathion bang chung
CC02-2544 ting dang ké khoang 508% so véi viée san xuét bang chung CEN.PK1-D

kiéu hoang da.

Ngoai ra, viéc san xuét glutathion bang ching CC02-2544 tang 128% hodc cao
hon so vé6i ching bd me CC02-2490.

Két qua la, khéng dinh 1‘§mg ddt bién cua trinh tu promoto ctia gen GSHI1 ¢6 thé

din dén su gia tang san xuat glutathion.
Vi du 3: Thir nghiém dua dot bién vao promoto GSH1 cua chung

Pé x4ac dinh anh hudng cua dot bién trong promoto 1én cac chung, dot bién
promoto duge gy ra trong vi du 2-3 da dugc dua vao ching kiéu hoang da, ching CJ-
5 va chung CC02-2490 dugc diéu ché trong vi du 2-1, va kha ndng san sinh glutathion

cua chung da dugc danh gia.

Trude tién, két qua ctia viéc thuc hién cin chinh trinh ty dé dua dot bién vao va
xac dinh trinh tiy phia truéc ORF GSH1 (SEQ ID NO: 2) cua chung CJ-5, khang dinh
rang ching CJ-5 c6 cung trinh tu promoto GSHI nhu cic chung Saccharomyces
cerevisiae CEN KSD-Yc, YIM1450, YIM1401 va YJM1307. Tuy nhién, khi so sanh
véi trinh ty phia truéc ORF GSH1 (SEQ ID NO: 1) cua chung kiéu hoang da
(Saccharomyces cerevisiae CEN.PK1-D), khang dinh rang adenin da duogc dua vao & vi

tri thir -74 ctia promoto cua chung CJ-5.

Dua vao d6, trong trinh tu phia truéc ORF GSHI cua chung Saccharomyces
cerevisiae CEN.PK1-D, céc vi tri twrong ing v6i cac vi tri tht —250, =252, —398, =399,
—407, va —409 ctia trinh ty phia truéc ORF GSHI cua chiung CJ-5 dugc xéc dinh 1a vi
tri thir —249, —251, —397, =398, —406, va —408 b?mg cach céan chinh trinh tu.

Sau d6, sau kiéu dot bién mé ta & trén duoc dua vao viung phia truéec ORF GSH1

ctia mdi chiing Saccharomyces cerevisiae CEN.PK1-D, CJ-5, va CC02-2490.

Cu thé, dé diéu ché céac chiing trong do sau kiéu dot bién mé ta ¢ trén duge dua
vao vung phia truéc ORF GSHI, céac plasmid pWAL100 va pWBR100 duoc su dung
¢6 tham chiéu dén tai lidu cong bd cta Lee TH, et al. (J. Microbiol. Biotechnol. (2006),
16(6), 979-982).

Sau khi tdng hop gen ctia doan chtra ving phia truéc ORF GSH1 bao gdm sau kiéu
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dot bién va vung ORF GSHI1, PCR dugc thuc hién béng cach su dung cap moi ¢6 ma
nhén biét SEQ ID NO: 34 va SEQ ID NO: 37 dé nh¢ d6 thu dugc phén doan ctia ving
phia truéc ORF GSH1 bao gdm trinh tu enzym giéi han BamHI dau N, trinh tu enzym
gi6i han Xhol dau C, va séu kiéu dot bién. Sau d6, pWAL100 va phan doan dugc xu ly
bing BamHI va Xhol, tiép theo 1a thit dé chuan bi plasmid.

Ngoai ra, 500 bp phia sau tir codon két thuc ORF GSHI bao gom trinh tu enzym
gi61 han Spel dau N va Ncol dau C thu duoc béng cach thuc hién PCR st dung ADN
bd gen ctia ching CJ-5 1am mach khudn va cdp mdi c6 ma nhan biét SEQ ID NO: 38 va
SEQ ID NO: 39 va dugc xir Iy bang cic enzym gidi han Spel va Ncol. Sau do, két qua
thu duoc dugce chuyén sang pWBR100 da duge xir 1y bang cac enzym tuong tu dé chuan

bi plasmid.

Trudce khi chuén bi doan ADN cudi dé dugce dua vao men, cac san phém PCR bao
gom trinh tu chira viing phia truéc ORF GSHI gdm sau kiéu dot bién, ving ORF GSH1
va mdt phan KIURA3 thu duoc bang cach sir dung plasmid pWAL duoc didu ché nhu
md ta & trén lam mach khuén va cdp moi ¢6 ma nhan biét SEQ ID NO: 34 va SEQ ID
NO: 40, va cac san phdm PCR bao gdm mot phan ctiia KIURA3 va 500 bp phia sau tir
codon két thiic ORF GSH1 da thu duoc bang cach sir dung plasmid pWBR lam mach
khuén va cip mdi c6 ma nhan biét SEQ ID NO: 41 va SEQ ID NO: 39. Cac chung .
cerevisiae CEN.PK2-1D va S. cerevisiae CJ-5 va CC02-02490 dugc bién doi voi cac
san pham PCR theo cing mot ty 1& mol. PCR duogc thuc hién thong qua bién tinh ¢ 95°C
trong 5 phut, u & 53°C trong 1 phut, va trung hop trong 1 phut cho moéi kg & 72°C, va
qué trinh bién d6i men dugc thuc hién theo phuong phap lithi axetat da duoc stra a6 tur
phuong phap duoc boc 10 trong an pham cua Geitz (Nucleic Acid Research, 20(6), 1425).
Cu thé, cac t& bao men c6 O.D. tir 0,7 dén 1,2 dugc ria bang dung dich dém lithi
axetat/TE hai 1dn. ADN va ADN soi don (Sigma D-7656) dugc tron lan, va hon hop
duoc nuoi céy trong diéu kién nuoi céy tinh trong dung dich dém lithi axetat/TE/40%
PEG & 30°C trong 30 phut va & 42°C trong 15 phut. Sau do, céac té bao duoc nudi cay
trong dia thach SC (2% glucoza) khong bao gdm uraxil cho dén khi nhin thay cac khuan
lac dé thu duoc cac chung trong do sdu kiéu dot bién va gen KIURA3 dugc dua vao
vung phia truéc ORF GSHI. Sau do, dé loai bo KIURA3, cac chung dugc nudi ciy trong
2 ml YPD qua dém, pha loang theo ty 1€ 1/100, dugc ciy chuyén trén dia thach SC (2%

glucoza) bao gom 0,1% 5-FOA d& chuén bi cac chung dot bién co ngudn goc tir
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S cerevisiae CEN.PK2-1D ¢6 séu kiéu dot bién trong ving phia truéc ORF GSHI va
cac chung dot bién cé ngudn goc tir S. cerevisiae CJ-5 va CC02-2490 c6 séu kiéu dot

bién trong ving phia truc ORF GSHI.

San xuit GSH ctia cac chung dugc thé hién trong bang 5 bén dudi.

Bang 5
10 gio 26 gio 32 gio
N ; Ham Ham
Vat chu Dot bién # GSH | luong GSH | luong
ODgoo| OD : Ds :
600 | ODgo00 (mg/L)| GSH ODs00 (mg/L) | GSH
(%) (%)
] 372 | 514 | 844 | 08 |506| 96,1 0.9
N 2 362 1 51,6 | 822 | 08 | 520 92,6 0.9
Doi chung
Trung | 5071515 | 833 | 08 | 513 | 944 0.9
CEN.PK binh
1-D 1 36,6 | 49,2 | 110,3 1,1 | 51,81 131,0 2
Promoto A
GSHI, dot 2 364 | 520 | 1146 | 1,1 | 528 1356 | 1.2
bién tai 6 diem| Trung | 5051 506 | 1124 | 1,1 | 523 | 1333 | 12
binh
] 302 | 47,8 | 2664 | 2,7 | 568 | 267,1 | 23
I 2 300 | 53,4 | 256,1 | 23 | 556 | 2660 | 23
Doi ching
Trung 551 1506 | 2612 | 2,5 | 562 | 2665 | 23
15 binh
1 302 | 53,0 | 3328 | 3.0 |542| 3255 | 29
Promoto
2
GSHI, dot 2 292 | 542 | 360,9 | 32 |588| 3546 | 29
bién tai 6 diem| Trung | 5951 536 | 34609 | 31 | 565 | 340,1 | 29
binh
1 364 | 63,4 | 3754 | 29 | 632 3686 | 2.8
o 2 374 | 648 | 3798 | 2.8 | 61,6 3792 | 3,0
boi chiing
Trung | 369 1 641 | 3776 | 2,9 | 624 3739 | 29
CCo2- binh
2490 1 36,5 | 65,8 | 468,9 | 34 | 63,1 | 472,6 3.6
Promoto
GSHI, dot |- 2 376 | 662 | 4750 | 34 | 63,6 4718 | 35
bién tai 6 diem Tb"ii‘ilg 37.1 | 660 | 472,0 | 34 [6335| 4722 | 3.6

Theo két qua cta thir nghiém, khang dinh rdng san xudt glutathion ting 1én dén
141% trong cung chung theo dot bién trong promoto.
Két qua 1a, khing dinh rang do6t bién cla trinh ty promoto ciia gen GSHI ¢6 thé

dan dén sy gia ting san sinh glutathion.

(OS]
(W)
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Vi du 4: Thir nghiém dé dwa dot bién vao promo to GSH1 (1)

Dua vao céc két qua dugc khang dinh trong cac vi du néu trén, thir nghiém duoc
thuc hién dé xac dinh xem kha nang séan sinh glutathion c6 dugc tdng cuong bang cach

dua dot bién vao chi mdt vai vi tri hay khong.

Cu thé, dot bién duoc dua vao hai diém tai cac vi tri thir =250 va —252 phia trude
tr ORF GSHI (250 (C—T) va —252 (G—A)) va4d diém tai cac vi tri thit =398, =399,
—407, va —409 (=398 (A—T), =399 (A—C), —407 (T—C), va =409 (T—C)) trong cac
chung CEN.PK1-D, CJ-5, va CC02-2490, twong tng. (Trong truong hop CEN.PKI1-D,
dot bién dugc dua vao vi tri thir —249, —251, =397, —398, —406, va —408 tuong Ung cua
né, s& duge ap dung vao phan mo ta sau). Cac chung duoc diéu ché theo cling cach thire
nhu vi du 3, ngoai trir gen ctia phan doan chira ving phia tru6c ORF GSHI bao gdm dot
bién & hai diém hodc bdn diém va ving ORF GSH1 dugc tong hop, va sau d6 PCR duoc
thuc hién bﬁng cach st dung céc doan mdi ¢6 mi nhan biét dé nho d6 thu duoc doan
cta vung phia trudc ORF GSHI chura trinh tu enzym gi¢i han BamHI dau N, trinh ty

enzym giéi han Xhol dau C, va d6t bién ¢ hai diém hoac bon diém.

Két qua ctia thir nghiém duoc thé hién trong cac bang tr 6 dén 8

Béang 6
10 gidr 26 gio 32 gid
) Ham Ham
Vit chu Dot bien # GSH | lugng GSH | luogng
D ¢ D :
ODsoo |ODeoo| iy | GSH | P |(mg/Ly| GsH
(%) (%)
1 372 | 514 | 844 | 08 | 506|961 ] 09
o 2 362 | 516 | 822 | 08 |520] 926 | 09
boi chung
Trung | 505 1515 | 833 | 08 [513] 944 | 09
binh
1 372 | 506 | 1098 | 1,1 | 53,6 132.0| 1.2
Promoto GSHI, 38.8 | 480 | 1069 | 1,1 | 548 [1220] 1,1
CEN.PK| dotbién tai2
1-D diem Trung | 500 (493 | 1083 | 1,1 | 5421270 1,1
binh
1 372 | 514 | 1006 | 09 | 542 [1053] 09
Promoto GSHI, 7 370 | 508 | 1021 | 1,0 | 5321054 1.0
dot blqn tai 4
diém Trung 4 500 Fspq [ 1013 | 1,0 | 53,7 1053 | 1,0
binh
Promoto GSH1,| 1 366 | 492 | 1103 | 1,1 | 51,8 [131,0| 1.2
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dot bien tai 6 2 36,4 | 52,0 | 1146 | 1,1 | 52,8 | 1356 12
diém Trun
g 365 | 506 | 1124 | 11| 523 [ 1333 1.2
binh
Bang 7
10 gid 26 gid 32 gidy
) Ham Ham
Chtng Dot bién # GSH | luong GSH | lugng
ODsoy | OD ME | oDy :
600 600 (mg/L)| GSH 600 (mg/L)| GSH
(%) (%)
1 302 | 478 | 2664 | 27 | 568 |267.1| 23
. 2 30,0 | 53,4 | 256,01 | 2,3 | 5562660 23
Doi ching
Trung |\ 501 | s06 | 2612 | 2.5 | 562 |2665| 23
binh
1 302 | 538 | 297.6 | 2,7 | 544 2988 | 2,7
Promoto GSHI, ™, 304 | 57.6 | 2990 | 2.5 | 53,0 (2924 | 27
dotblqn tai 2
diém Trung |\ 553 | 557 | 2983 | 2,6 | 53,7 2956 27
binh
CI-5
] 312 | 52,4 | 3288 | 3.0 |572(3266]| 28
Promoto GSHL, 1717578 [ 3458 | 2,9 | 66,0 | 3449 | 2.5
dotblqnta14
diem Trung | 559 | 551 | 3373 | 3.0 | 61,6 |3357| 27
binh
1 302 | 53,0 | 3328 | 3.0 | 542(3255| 29
Promoto GSHI, ™) 292 | 542 | 3609 | 32 | 588 |3546| 29
dotb1qntal6
diem Trung | o7 | 536 | 3469 | 3,1 | 565 |340,1| 2.9
binh
Bang 8
10 gi& 26 gid 32 gio
Vit i Ham Ham
i b6t bién # GSH | luon GSH | luon
ODg¢oo | ODeoo (mg/L)| GSH | me/L)| GSH
(%) (%)
| 364 | 63,4 | 3754 | 29 | 632 3686 | 28
i 2 374 | 648 | 3798 | 2,8 | 61,6 3792 | 3,0
boi chiing
CC02- Tb"‘;r}llg 369 | 641 | 3776 | 29 | 624 | 3739 | 29
2490
1 370 | 648 | 4150 | 3,1 | 666 | 4195 | 3,1
Promoto GSHI, ™ 376 | 654 | 4524 | 3.4 | 64,6 | 4457 | 33
dot blqn tai 2
diém Trung |\ 553 1651 | 4337 | 32 | 656 4326 | 3.2
binh
Promoto GSHI, | 1 378 | 654 | 4554 | 3.4 | 596 | 452,1 | 37
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dot bien tai 4 2 37,6 | 658 | 459,8 | 3.4 | 63,4 | 455,1 3,5
diém T

UNE | 397 1656 | 457.6 | 3.4 | 66,6 | 4536 | 3.6

bllﬂ‘l b b b b bl b 3
1 365 | 658 | 468,9 | 3.4 | 63,1 | 4726 | 3,6
Promoto GSHI, ™ 376 | 662 | 4750 | 34 | 63,6 | 471,8 | 3,5
dot bien tai 6
diém Trung | 501 | 66,0 | 4720 | 34 |6335| 4722 | 3.6

binh

Theo két qua cta thir nghiém, khang dinh ring kha ning san sinh glutathion duoc
tang cudng bing cach dua d6t bién vao hai diém (=250 (C — T) va —252 (G — A)) hodc
tai bén diém (=398 (A — T), =399 (A — C), =407 (T — C), va —409 (T — C)) khi so
sanh vai cac ching khong c6 dot bién & ving promoto, va san xuat glutathion ting lén
t61 135%.

Dua vio d6, khang dinh rang kha nang san sinh glutathion dugc tang cuong dang
ké nh&r dot bién dugc dua vao chi mot $6 vi trf cua promoto dugc dé xuét theo sang ché

ciing nhu sau diém duoc xac dinh ban dau.
Vidu 5: Thit nghiém dua dot bién vao promoto GSHI1 (2)

Dua vao cac két qua dugc xac nhan trong cac vi du dugc mo ta & trén, thir nghiém
dugc thuc hién dé xac dinh xem khé ning san sinh glutathion c6 dugc tang cudng bﬁng
cach dua dot bién vao chi mét vai vi tri hay khéng. Cu thé, dot bién duoc dua vao mot
diém tai vi tri thtt —250 (C—T) (d6t bién tai mot diém (1)) hodc tai vi trf thu 252 (G—A)
(46t bién tai mot diém (2)) va hai diém & ca hai vi tri trong cac chung CEN.PK1-D va
CJ-5, va kha ndng san sinh glutathion ctuia ching duoc do va thé hién trong cac bang 9

va 10.

Pé dat duoc diéu nay, cac ching duoc diéu ché theo cach tuong tu trong vi du 3,
ngoai trix gen cua phan doan bao gdm ving phia truéc ORF GSH1 chira cac dot bién tai
mdt diém hodc hai diém va ving ORF GSH1 dugc téng hop, va sau d6 PCR duoc thuc
hién bang cach st dung cip mdi ¢6 ma nhén biét SEQ ID NO: 34 va SEQ ID NO: 37 aé
nho d6 thu dugc doan ctia vung phia trudc ORF GSHI bao gbm trinh t enzym giéi han
BamHI dau N, trinh tu enzym gi6i han Xhol dau C, va dot bién tai mot diém hodc hai

diém.

Bang 9

vat | Dot bién # 10 gio 26 gio 32 gio
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chu Ham Ham
GSH | lugng GSH | luong
ODs 4 D ong
ODsoo| ODsoo | o1y | GSH ODeoo| 1ho/)| GSH
(%) (%)
1 302 | 47,8 | 2664 | 2,7 | 568 | 2671 | 23
I 2 300 | 534 | 2561 | 23 |556| 2660 | 23
Doi ching
Trung 1551 | 506 | 2612 | 2,5 | 562 | 2665 | 23
binh
Promoto 1 308 | 532 | 2539 | 23 |532|2689 | 25
GSH, dot 2 308 | 53,0 | 257,0 | 24 | 53,6 2696 | 24
bién tai 1
diém (1) Tb"i“nr;g 308 | 53,1 | 2554 | 23 |3534 2693 | 24
CI-5
_—_ 1 288 | 522 [ 2539 | 24 | 5322689 | 25
GSHI, dot 2 298 | 51,0 | 2570 | 24 |53.6| 2696 | 24
bién tai 1
N Trung )
diém (2) oot [ 293 | 516 | 2554 | 24 | 5342693 | 24
Promoto 1 302 | 53,8 | 297,6 | 27 | 544 | 2988 | 27
GSHI, dot 2 304 | 57.6 | 2990 | 2,5 |53,0]| 2924 | 27
bién tai 2
didm Tbri‘lll‘;lg 303 | 557 | 2983 | 2,6 | 53,7 2956 | 27
Béng 10
10 gid 26 gio 32 giv
Vat ) Ham Ham
", Dot bien # GSH | luong GSH | lugng
Chu ) ¥ OD .
ODsoo | ODsoo (mg/L) GSH 600 (mg/Ly| GSH
(%) (%)
1 372 | 514 844 | 08 |506] 961 | 09
I 2 362 | 51,6 | 822 | 08 |520] 926 | 09
Doi ching
Trung | 505 1515 833 | 08 | 513 | 944 | 09
binh
Promoto 1 375 | 538 850 | 08 |522] 992 | 09
GSH, dot 2 368 | 537 ] 945 | 09 |541] 955 | 09
bién tai 1 [~ Trone

CEND| diém(D) | pup | 372 538 897 | 08 | 5321 973 | 09
K1-D

Promoto 1 378 | 588 | 950 | 08 |532| 91,0 | 08
GSHI, dot 2 372 | 572 | 905 | 08 |508 1055 | 1,0
bién tai 1
diém (2) Tbri‘;?lg 37,5 [580] 927 | 08 |520] 982 | 09
Promoto 1 372 | 506 ] 1098 | 1,1 | 3536|1320 12
GSHI, dot 2 388 | 480 | 1069 | 1,1 | 548 | 1220 1.1
bién tai 2
diém Trung | 380 | 493 | 1083 | L1 |[542 | 1270 | 1.1
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Theo két qua clia thir nghiém, khing dinh rang kha nang san sinh glutathion dugc

ting cuong bang cach dua d6t bien vao chi mot s6 diém.

Dua vao do, c6 thé khang dinh rang kha nang san sinh glutathion dugc tang cudéng
dang ké nho dot bien duge dua vao chi mot s6 vi tri clia promoto duge dé xuat boi sang

ché cling nhu sau vi tri duge xac dinh ban dau.
Vi du 6: Thtt nghiém dé dwa dot bién vao promoto GSH1 (3)

Dua vao két qua duoc xac dinh trong cac vi du mé ta ¢ trén, thir nghiém dugce thuc
hién dé xac dinh xem kha nang san sinh glutathion c6 duoc ting cuong bang cach dua

dot bién vao chi mét so vi tri hay khong.

Cu thé, dot bién duoc dwa vao bdn diém tai vi tri thd =398, =399, —407, va —409
(=398 (A—T), =399 (A—C), —407 (T—C), vi =409 (T—C)) ddc 13p hodc két hop voi

nhau.
Céc ddt bién nhu sau.
1) dot bién tai mot diém (1): GSH1 —398 (A—T)
2) d6t bién tai mot didm (2): GSHI =399 (A—C)
3) dot bién tai mot diém (3): GSH1 =407 (T—C)
4) dot bién tai mot diém (4): GSH1 —409 (T—C)
5) dot bién tai hai diém (1): GSH1 =398 (A—T) va =399 (A—C)
6) dot bién tai hai diém (2): GSH1 =398 (A—T) va —407 (T—C)
7) d6t bién tai hai diém (3): GSH1 =398 (A—T) va —409 (T—C)
8) dot bién tai hai diém (4): GSH1 =399 (A—C) va 407 (T—C)
9) dot bién tai hai diém (5): GSH1 =399 (A—C) va =409 (T—C)
10) dot bién tai hai diém (6): GSH1 =407 (T—C) va =409 (T—C)

11) dot bién tai bon diém: GSH1 —398 (A—T), 399 (A—C), 407 (T—C), va
~409 (T—C)

Pé dat dugc didu nay, cac chung dugc dicu ché theo cach twong tu nhu trong vi du

3, ngoai trr gen cua phén doan chira ving phia tru6c ORF GSHI gdm dot bién tai mot
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diém, hai diém, hoic bdn diém va ving ORF GSH1 duoc téng hop, va sau d6 PCR dugc
thwe hién sir dung cip mdi c6 ma nhan biét SEQ ID NO: 34 va SEQ ID NO: 37 dé nho

d6 thu duoc phin doan cua vung phia truéc ORF GSHI bao gbm trinh tu enzym giéi

han BamHI dau N, trinh tu enzym gi6i han Xhol dau C, va dot bién tai mot diém, hai

diém hoac bon diém.

Kha ning san sinh glutathion cta cac chung dugc xac dinh, va cac két qua duoc

thé hién trong bang 11 va 12 bén duéi.

Bang 11
10 gid 26 gid 32 gidy
Vit ] Ham Ham
Dot bién # GSH | luon GSH | luon
chu ME | op ong
ODsoo | ODsoo (mg/L) | GSH ODsoo (mg/L) | GSH
(%) (%)
1 302 | 478 | 2664 | 2,7 | 568 | 267,1 | 23
o 2 300 | 53,4 | 256,1 | 23 | 556 | 266,0 | 2.3
Doi ching
Trung | 361 | 506 | 2612 | 2,5 | 562 | 2665 | 2.3
binh
Promoto 1 276 | 52,0 | 2672 | 2,5 | 544 | 2676 | 2.4
GSHI,dot | 2 274 | 524 | 2513 | 23 | 534 | 2618 | 24
bién tai mot
o W Trung , -
dGiém (1) | g | 275 | 522 | 2593 | 24 | 539 | 2647 | 24
Promoto 1 300 | 54,8 | 2688 | 24 | 56,0 | 2843 | 25
GSH1, dgt | 2 278 | 554 | 2590 | 2,3 | 562 | 2727 ,
bién tai mot
diém (2) Ig'i‘g}‘lg 289 | 551 | 263,9 | 2,3 | 561 | 2785 | 24
s | Promoto 1 270 | 524 | 2702 | 2,5 | 52,6 | 2682 | 25
GSH1,dot | 2 244 | 50,0 | 2639 | 2.6 | 548 | 2562 | 2.3
bién tai mot
diém (3) Eﬁr}‘lg 257 | 512 | 267,1 | 2,5 | 53,7 | 2622 | 2.4
Promoto 1 360 | 60,2 | 267,7 | 22 | 59,6 | 2689 ,
GSHL,dot | 2 288 | 53.6 | 2632 | 24 | 548 | 2665 | 2,
bién tai mot
R Trung A .
diém @) | oy | 324 | 569 | 2655 | 23 | 572 | 2677 | 23
Promoto 1 398 | 554 | 301,8 | 2,6 | 58,6 | 3278 | 27
GSH1,dot | 2 300 | 550 | 3050 | 2,7 | 542 | 3040 | 27
bién tai hai
diém (1) Tb"if}‘lg 349 | 552 | 3034 | 27 | 564 | 3159 | 27
Promoto 1 278 | 554 | 2664 | 23 | 542 | 2684 | 24
GSH1,dot | 2 288 | 568 | 2699 | 23 | 550 | 2722 | 24

41/64
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bién tal hai Trung
Gém(2) | b | 283 | 561 | 2682 | 23 | 546 | 2703 | 24
Promoto 1 290 | 548 | 2757 | 24 | 574 | 2744 | 23
GSHL, dot | 2 29 | 52,0 | 2680 | 2,5 | 544 | 269,1 | 24
bién tai hai
n Trung
diém (3) | pp | 290 | 534 | 2719 | 25 | 559 | 2718 | 24
Promoto 1 30,0 | 534 | 2847 | 2,6 | 552 | 2852 | 25
GSH1,dot | 2 268 | 52,8 | 3636 | 2.4 | 544 | 2694 | 24
bién tai hai
didm (4) Tb?:]?lg 284 | 53,1 | 2742 | 2,5 | 548 | 2773 | 2.5
Promoto 1 290 | 50,0 | 2745 | 2,7 | 52,4 | 2769 | 2.6
GSH1,dot | 2 298 | 542 | 2714 | 24 | 554 | 2767 | 24
bién tai hai
diém (5) Tt)"i‘;‘;g 294 | 52,1 | 2729 | 25 | 53,9 | 2768 | 25
Promoto 1 302 | 52,0 | 3099 | 2,9 | 544 | 3081 | 27
GSHI,dot | 2 296 | 562 | 3002 | 2,6 | 53,8 | 3069 | 28
bién tai hai
e Trung
diém (6) | pup | 299 | 541 | 3051 | 27 | 541 | 3075 | 28
Promoto 1 312 | 524 | 3288 | 3,0 | 572 | 3266 | 28
GSHI,dot | 2 40,6 | 57,8 | 3458 | 2,9 | 66,0 | 3449 | 25
bién tai bon
didm Tbri‘;?f 359 | 551 | 3373 | 3,0 | 61,6 | 3357 | 27
Bang 12
10 gio 26 gid 32 gid
Vit Ny Ham Ham
: Dot bién # GSH | luon GSH | luong
chu ng OD J
ODewo | ODeoo | 1) | GSH 1 (mg/L) | GSH
(%) (%)
1 372 | 514 | 844 | 08 | 506 | 961 | 009
o 2 362 | 51,6 | 822 | 08 | 520 | 926 | 09
Poi ching
Trung | 500 | 515 | 833 | 08 | 51,3 | 944 | 09
binh
Promoto 1 406 | 556 | 892 | 08 | 558 | 902 | 08
cpnp | SSHLdot | 2 406 | 56,0 | 87,5 | 08 | 586 | 92,5 | 08
K1-D | D@ mOt | Trung 406 | 558 | 883 | 0,8 | 572 | 913 | 08
dlem (1) bh,lh b ) > > b bl E)
Promoto 1 412 | 584 | 914 | 08 | 57.6 | 934 | 08
GSH1,dot | 2 412 | 552 | 913 | 08 | 53,6 | 943 | 09
bién tai mot
diém (2) Eﬁ%g 412 | 568 | 913 | 0,8 | 556 | 938 | 08
GSHI 1 398 | 544 | 90,0 | 08 | 584 | 920 | 08
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Promoto 2 41,0 | 544 89.9 0,8 59,0 | 909 0,7
GSHI1, dot

bién tai mot gﬁung 404 | 544 | 900 | 08 | 587 | 915 | 08
didm (3) inh

Promoto 1 42,0 | 57,8 | 89,1 0,7 | 56,8 | 92,1 0,8

GSHI,dot | 2 | 412 [ 578 | 894 | 08 | 564 | 924 | 03
bién tai mot .
. - Trun
diém (4) binhg 416 | 578 | 893 | 07 | 566 | 923 | 08

Promoto 1 36,4 | 498 | 998 1,0 | 51,4 | 1045 1,0
GSHI1, dot 2 36,0 47,0 97,9 1,0 52,4 | 109,2 1,0

bién tai hai
O Trung
diém (1) binh 36,2 | 484 98,9 1,0 51,9 | 106,9 1,0

Promoto 1 40,2 | 552 | 88,0 0,8 | 53,2 | 92,0 0,8
GSHI1, dét 2 40,8 54,2 93,2 0,8 594 95,2 0,8

bién tai hai
, e Trun v R
diém (2) binhg 405 | 547 | 90,6 | 08 | 563 | 936 | 08

Promoto ! 394 | 538 | 93,1 0,8 | 546 | 96,1 0,9
GSHI1, dot 2 40,2 55,2 89,3 0,8 57,0 90,3 0,8

bién tai hai
Trun -
diém (3) binhg 3908 | 545 | 912 | 08 | 558 | 932 | 08

Promoto 1 36,2 | 48,0 | 855 0,9 | 51,8 | 90,1 0,8

GSHI1, dot 2 35,2 45,6 84,3 0,9 52,4 89.9 0,8

bién tai hai
T Trung
diém (4) binh 35,7 46,8 84,9 0,9 52,1 90,0 0,8

Promoto ! 422 | 552 | 90,7 | 0,8 | 60,8 | 92,7 0,7

GSHI,dot | 2 | 424 | 57.8 | 909 | 08 | 566 | 939 | 08
bién tai hai
diém (5) Tl)ri‘;lr}’lg 423 | 565 | 90,8 | 0,8 | 587 | 933 | 08

Promoto 1 40,6 | 524 | 991 0,9 57,6 | 102,1 0,9

GSHI1, dot 2 41,0 53,0 98,6 0,9 59,4 | 100,6 0,8

bién tai hai
o Trung .
diém (6) binh 40,8 52,7 98,9 0,9 58,5 | 1014 0,8

Promoto 1 372 | 514 | 1006 | 09 | 542 | 1053 | 09
GSH1, dot 2 37,0 50,8 102,1 1,0 53,2 | 1054 1,0

bién tai bon
didm Er;r;lg 371 | 5101 | 1013 | 1,0 | 53,7 | 1053 | 1,0

Theo két qua cta thir nghiém, khang dinh rang kha nang san sinh glutathion dugc
tang cuong bang cach dua dot bién vao chi mot vai trong s bon diém so véi cac chiing
khong c6 dot bién trong ving promoto ciing nhu truong hop khi cac dot bién dugc dua
vao tAt ca bén diém. Cu thé, trong cac truong hop 5) dot bién tai hai diém (1): GSH1
—398 (A—T) va —399 (A—C) va 10) dot bién tai hai diém (6): GSH1 —407 (T—C) va
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—409 (T—C), kha nang san sinh glutathion dugc tdng cuong dang ké khi so voi cac

chung khong c6 dot bién trong viing promoto.

Dua vao do, c6 thé khang dinh rang kha ning san sinh glutathion dugc tang cuong
dang ké nho dot bién duge dua vao chi mot vai vi tri ctia promoto duoc dé xuét theo

sang ché cling nhu tat ca sau vi tri dugc xac dinh ban dau.

Phin mb ta sang ché bén trén dugc cung cap v6i muc dich minh hoa, va ngudi co
hiéu biét trung binh trong cung linh vyc k¥ thuét co thé hiéu ring cac thay doi va sira
d6i khac nhau c6 thé duoc thuc hién ma khong lam thay doi nguyén 1y k¥ thuat va cac
dac diém k¥ thuat cia séng ché. Do do, rd rang rang cac phuong an dugc mé té ¢ trén
chi mang tinh minh hoa theo moi khia canh va khong lam gi6i han pham vi bao ho cua
sang ché. Cac phuong an khac nhau duoc boc 16 ¢ day khong nham muc dich giéi han
pham vi bédo hd va nguyén ly k¥ thudt ctia sang ché duoc trinh bay trong céc yéu cau
bao ho duai day. Sang ché chi bi giGi han chi boi cac thuat ngtr cua yéu cau bao ho kém
theo, cung v6i pham vi ddy di clia cic phuong an tuong duong nam trong pham vi cua

cac yéu cau bao ho.
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1. Polynucleotit cé hoat tinh promoto, trong do it nhét mot nucleotit dwoc lya chon t
nhom gém ¢6 cac nucleotit thir 92, 94, 102, 103, 249, va 251 cua trinh tu polynucleotit
¢6 ma nhén biét SEQ ID NO: 1 hoic SEQ ID NO: 2 dugc thay thé bang nucleotit khéc.

2. Polynucleotit theo diém 1, trong d6 céc nucleotit thir 249 va 251 clia polynucleotit co

hoat tinh promoto dugc thay thé bang cic nucleotit khéc.

3. Polynucleotit theo diém 1, trong d6 cac nucleotit thir 92, 94, 102, va 103 cua

polynucleotit ¢6 hoat tinh promoto duoc thay thé bang cac nucleotit khac.

4. Polynucieotit theo diém 1, trong d6 cac nucleotit thir 92, 94, 102, 103, 249, va 251

cua polynucleotit c¢6 hoat tinh promoto duoc thay thé bang cac nucleotit khic.

5. Polynucleotit theo diém 1, trong d6 polynucleotit ¢6 hoat tinh promoto chi bao gbm
mot trinh tu polynucleotit dugc lya chon tir trinh ty ¢6 ma nhan biét SEQ ID NO: 3 dén
SEQ ID NO: 32.

6. Ché phdm dé biéu hién gen chira polynucleotit theo diém bit ky tir 1 dén 5.
7. Vecto chira polynucleotit theo didm bat ky tir 1 dén 5 va gen ma héa protein dich.
8. Vecto theo diém 7, trong d6 protein dich c6 hoat tinh glutamat—xystein ligaza.

9. Vi sinh vat thudc chi Saccharomyces sp. chua polynucleotit theo diém bat ky tir 1 dén
5, polynucleotit chtra polynucleotit va gen ma hoéa protein dich, hodc vecto chira

polynucleotit.
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10. Vi sinh vt theo diém 9, trong d6 protein dich la polypeptit c¢6 hoat tinh glutamat-—

xystein ligaza.

11. Phuong phdp san xuat glutathion bao gom nudi cdy vi sinh vat theo diém 9 trong
moi truong nudi cay.

12. Phuong phép theo diém 11, phuong phap nay con bao gom thu hoi glutathion tu it
nhit mdt dugc lua chon tir vi sinh vit duoc nudi cay, san pham say kho cta vi sinh vat,
chiét xudt ctia vi sinh vat, san pham nudi cdy cva vi sinh vat, va chat ly giai cua vi sinh

vat.
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<110>

<120>

42902

DANH MUC TRINH TU

CJ CheilJedang Corporation

VA PHUONG PHAP SAN XUAT GLUTATHION SU DUNG VI SINH VAT NAY

<130> OPA21012

<150> KR 10-2020-0041184

<151> 2020-04-03

<160> 41

<170> KoPatentIn 3.0

<210> 1

<211> 499

<zZ12> DNA

<213> Chua biét

<220>

<223> Saccharomyces cerevisiae
<400> 1

ctcttgaatg gcgacagcct attgccccag
gcaattagcg tatcctgtac catactaatt
cagcatggcy cgcacgtgac tacaactgtg
tcagtgagcc gactctacta caatgcetttt
gccaaattgg ccatgctctg tgcctcectt
gcggcttacc aaaagttgaa gcttgttctt
tgaatcgttg tgctggagta gttggatctt
tgaaaattga gcagatttag tatagggcta
atacatatag aagaataaa

<210> 2

<211> 500

<212> DNA

<213>» Chua biét

<220>

<223> Saccharomyces cerevisiae
<400> 2

ctcttgaatg gcgacagcct attgcctcag
gcaattagcg tatcctgtac catactaatt
cagcataggcy cgcacgtgac tacaactgtg
tcagtgagcc gactctacta caatgctttt
tccaaattgg ccatgctctg tgcctcectt

CEN.PK-1D

tgttccctca
ctcttctgcec
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

CJ-5

tgttccctca
ctcttctgcec
gctggaaacc
tcatttttca

gacaaaggac

45

acaaccttgg
caacgacggc
ttttcegtect
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

tggtttagag

acaaccttgg
caacgacggc
ttttcgtcct
ctcagaaéaa

atcttccctyg

tagttggagc
tgccattagt
ccceggtttt
cctgcaattt
tttataaacyg
tcgattatat
ttgtagaagc

tatcgaeaat

499

tagttggaac
tgccattagt
cccecggtttt
cctgcaattt

tttataaacg

POLYNUCLEOTIT CO HOAT TINH PROMOTO, CHE PHAM, VECTO, VINH SINH VAT

300

360

420

480

60

120
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gcggcttacc aaaagttgaa gcttgttctt gecttcttatg agtggagcaa tcgattatat 360
tgaatcgttg tgctggagta gttggatctt tccacgtggt ctcgagtcac ttgtagaagc 420
tgaaaaattg agcaggttta gtatagggct acattgtagg gtggtttaga gtatcgaaaa 480
tatacatata gaagaataaa 500

<210> 3

<211> 499
<212> DNA

<213> Trinh tu nhén tao
<220>
<223> S. cerevisiae CEN.PK-1D promoto-dét bién-92 94 102 103 249 251

< > 3

ciggtgaatg gcgacagcct attgccccag tgttccctca acaaccttgg tagttggage 60
gcaattagcg tatcctgtac catactaatt cccctctgcc cctcgacggce tgccattagt 120
cagcatggcg cgcacgtgac tacaactgtg gctggaaacc ttttcgtcct cccecggtttt 180
tcagtgagcc gactctacta caatgctttt tcatttttca ctcagaaaaa cctgcaattt 240
gccaaattag tcatgctctg tgcctccctt gacaaaggac atcttccctg tttataaacg 300
gcggcttacc aaaagttgaa gcttgttctt gectcttatg agtggagcaa tcgattatat 360
tgaatcgttg tgctggagta gttggatctt tccacgtggt ctcgagtcac ttgtagaagc 420
tgaaaattga gcagatttag tatagggcta cattgtaggg tggtttagag tatcgaaaat 480
atacatatag aagaataaa 499

<210> 4

<211> 499
<212> DNA
<213> Trinh tu nhadn tao

<220>
<223> S. cerevisiae CEN.PK-1D promoto-dét bién-92 94 102 103

<

ciggigaaé; gcgacagcct attgccccag tgttccctca acaaccttgg tagttggagce 60
gcaattagcg tatcctgtac catactaatt cccctectgece cctcgacgge tgccattagt 120
cagcatggcg cgcacgtgac tacaactgtg gctggaaacc ttttcgtcct ccccggtttt 180
tcagtgagcc gactctacta caatgctttt tcatttttca ctcagaaaaa cctgcaattt 240
gccaaattgg ccatgctctg tgcctccctt gacaaaggac atcttccctg tttataaacg 300
gcggcttacc aaaagttgaa gcttgttctt gectcttatg agtggagcaa tcgattatat 360
tgaatcgttg tgctggagta gttggatctt tccacgtggt ctcgagtcac ttgtagaagce 420
tgaaaattga gcagatttag tatagggcta cattgtaggyg tggtttagag tatcgaaaat 480

46



atacatatag

<210> 5
<211>
<212>
<213>
<220>
<223> S.
<400> 5
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtcagcc
gccaaattag
gcggcttacc
tgaatcaottg
tgaaaattga
atacatatag
<210> 6
<z11>
<212>
<213>
<220>
<223> S.
<400> 6
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
gccaaattgg
gcggcttacc
tgaatcgttyg
tgaaaattga
atacatatag

<210> 7
<211>

aagaataaa

499
DNA
Trinh tu nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
tcatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

499
DNA
Trinh ty nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

49¢

42902

tao

CEN.PK-1D promoto-dot

attgccccag
catactaatt
tacaactgty
caatgctttt
tgcctceccectt
gcttgttctt
gttggatctt

tatagggcta

tao

tgttccctcea
ctcttctgece
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

CEN.PK-1D promoto-ddt

attgccccag
catactaatt
tacaactgtg
caatgctttt
tgccteecctt
gcttgttctt
gttggatctt

tatagggcta

tgttccctceca
ctcttctgcec
gctggaaacc
tcatttttca
gacaaaggac
gcctecttaty
tccacgtggt

cattgtaggg

»i&n-249 251

acaaccttgg
caacgacggc
ttttcgocct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

tggtttagag

tagttggagc
tgccattagt
cccggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagce
tatcgaaaat

49

bién-102 103

acaaccttgg
cctcgacggce
ttttcgtcct
ctcagaaaaa
atcttccctg
agtugagcaa
ctcgagtcac

tggtttagag

tagttggagc
tgccattagt
cceccggtttt
cctgcaatct

tttataaacg
tcgattatat
ttgtagaagc
tatcgaaaat

4

O
Nal

60

120

180

240

300

360

4290

480

60

120

180

240
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<212>
<213>

<220>

<223> S.
<400> 7
ctcttgaatg
gcaattagcg
cagcatggeg
tcagtgagcc
gccaaattgg
gcggcttacc
tgaatcgttyg
tgaaaattga
atacatatag
<210> 8
<211>
<212>
<213>
<220>
<223> S.
<400> 8
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
gccaaattgg
gcggcettacc
tgaatcgttg
tgyaaaattga

atacatatag

DNA
Trinh ty nhan

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

499
DNA
Trinih tu nhén

cerevisiae

gcgacagccet
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

<210> 9

<211> 499

<212> DNA

<213> Trinh ty nhén
<220>

<223> S. cerevisiae

42902

CEN.PK-1D promoto-ddt

attgccccag
catactaatt
tacaactgtg
caatgctttt
tgccteceett
gcttgttectt

gttggatctt

tatagggcta

CEN.PK-1D promoto-dot

attgccccag
catactaatt
tacaactgtyg
caatgctttt
tgcctcecectt
gcttgttctt
gttggatct

tatagggcta

tao

tgttccctca
ccecttectgec
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatyg
tccacgtggt

cattgtaggg

tgttccctca
cccttetgcec
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

bién-92 102

acaaccttgg
ccacgacggc
ttttegtecct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

tggtttagag

tagttggagc
tgccattagt
cceccgytttt
cctgcaattt
tttataaacqg
tcgattatat
ttgtagaagc

tatcgaaaat

499

bién-92 103

acaaccttgg
cétcgacggc
ttttcgtcct
ctcagaaaaa
atcttccctyg
agtggagcaa
ctcgagtcac

tggtttagag

tagttggagce
tgccattagt
ccccggtttt
cctgcaattt
tttataaacy
tcgattatat
ttgtegaagc

tatcgaaaat

499

CEN.PK-1D promoto-dét bién-94 102

48

300

260

420

430

240

300

360

420

480
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<400> 9
ctcttgaatyg

gcaattagcg
cagcatggcg
tcagtgagcc
gccaaattgg
gcggcttacc
tgaatcgttg
tgaaaattga
atacatatag
<210>
<211>

<212>
<213>

10

<220>
<223> S.

<400> 10
ctcttgaatyg
gcaattagcyg
cagcatggcg
tcagtgagcc
gccaaattgg
gcggcttacc
tgaatcgttg
tgaaaattga
atacatatag
<210>
<211>

<212>
<213>

11

<220>
<223> S.

<400> 11
ctcttgaatg

gcaattagcg

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

499
DNA
Trinh ty nhan

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

499
DNA
Trinh ty nhén

cerevisiae

gcgacagcct

tatcctgtac

42902

attgccccag
catactaatt
tacaactgtg
caatgctttt
tgcctcecceett
gcttgttctt
gttggatctt

tatagggcta

tao

CEN.PK-1D promoto-ddt

attgccccag
catactaatt
tacaactgtyg
caatgctttt
tgccteccecett
gcttgttctt
gttggatctt

tatagggcta

tao

CEN.PK-1D promoto-dét bién-92 94

tgttccctea
ctcctctgece
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

tgttccctca
ctcctctgcece
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

acaaccttgg
ccacgacggc
ttttcgtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

tggtttagag

tagttggagc
tgccattagt
cccecggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

tatcgaaaat

499

pién-94 103

acaaccttgg
catcgacggc
ttttcgtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

tggtttagag

tagttggagc
tgccattagt
cceccggtttt
cctgcaattt
tttataaacy
tcgattatat
ttgtagaagc
tatcgaaaat

4

attgccccag tgttccctca acaaccttgg tagttggage

catactaatt cccctctgcce caacgacggc tgccattagt

49

O
w0

180

240

300

360

420

480
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cagcatggcg
tcagtgagcc
gccaaattgg
gcggcttacc
tgaatcgttg
tgaaaattga
atacatatag
<210> 12
<211>
<212>
<213>
<220>
<223> S.
<400> 12
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
gccaaattag
gcggcttacc
tgaatcgttg
tgaaaattga
atacatatag
<210> 13
<211>
<212>
<213>
<220>
<223> S.
<400> 13
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc

gccaaattygg

cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

499
DNA
Trinh tu nhén

cerevisiae

gcgacagcect
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

499
DNA
Trinh ty nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta

tcatgctctyg

42902

tacaactgtg
caatgctttt
tgcctceccecett
gcttgttctt
gttggatctt

tatagggcta

tao

gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

CEN.PK-1D promoto-ddt

attgccccag
catactaatt
tacaactgtg
caatgctttt
tgcctccecctt
gcttgttctt
gttggatctt

tatagggcta

tao

tgttccctca
ctcttctacc
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

CEN.PK-1D promoto-dot

attgccccag
catactaatt
tacaactgtg
caatgctttt

tgcctcectt

tgttccctcea
ctcttctgcce
gctggaaacc
tcatttttca

gacaaaggac

50

ttttcegtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

tggtttagag

bién-249

acaaccttgg
caacgacggc
ttttcgtccect
ctcagaaaaa
atcttccctyg
agtggagcaa
ctcgagtcac

tggtttagag

bién-251

acaaccttgg
caacgacggc
ttttcgtect
ctcagaaaaa

atcttccctg

ccccggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

tatcgaaaat

499

tagttggagc
tgccattagt
ccccggttett
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

tatcgaaaat

499

tagttggagc
tgccattagt
ccccggtttt
cctgcaattt

tttataaacg

180

240

300

360

420

480

180

240

300

360

420

480

60

120

180

240

300
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agcggcttacc
tgaatcgttg
tgaaaattga
atacatatag
<210> 14
<211>
<212>
<213>
<220>
<223> S.
<400> 14
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
gccaaattgg
gcggcttacc
tgaatcgttg
tgaaaattga
atacatatag
<210> 15
<211>
<212>
<213>
<220>
<223> S.
<400> 15
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
gccaaattgg
gcggcttacc
tgaatcgttg

tgaaaattga

aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

499
DNA
Trinh ty nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

499
DNA
Trinh ty nhan

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta

gcagatttag

42902

gcttgttctt gectcttatg agtggagcaa tcgattatat

gttggatctt tccacgtagt ctcgagtcac ttgtagaagc

tatagggcta cattgtaggg tggtttagag tatcgaaaat

tao

CEN.PK-1D promoto-dot

attgccccag
catactaatt
tacaactgtg
caatgctttt
tgcctcecett
gcttgttctt
gttggatctt

tatagggcta

tao

tgttccctea
ccecttectgece
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

CEN.PK-1D promoto-ddt

attgcccecag
catactaatt
tacaactgtg
caatgctttt
tgcctccctt
gcttgttctt
gttggatctt

tatagggcta

tgttccctca
ctcctetgec
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

51

499

bién-92

acaaccttgg tagttgcagce
céacgacggc tgccattagt
ttttcgteet ccccggtttt
ctcagaaaaa cctgcaattt
atcttccctg tttataaacg
agtggagcaa tcgattatat
ctcgagtcac ttgtagaagc

tggtttagag tatcgaaaat

499

bién-94

acaaccttgg tag;tggagc
caacgacggc tgccattagt
ttttcgtcct ccccggtttt
ctcagaaaaa cctgcaattt
atcttccctg tttataaacg
agtggagcaa tcgattatat
ctcgagtcac ttgtagaagc

tggtttagag tatcgaaaat

360

480

180

240

300

360

4290

480

120

180

240

300

420

480



atacatatag

<210> 16
<211>
- <212>
<213>

<220>
<223>

0

<400> 16
ctcttgaatg

gcaattagcyg
cagcatgycyg
tcagtgagcce
gccaaattgg
gcggcttacc
tgaatcgttg
tgaaaattga
atacatatag
<210> 17
<211>
<212>
<213>
<220>
<223> S.
<400> 17
ctcttgaatg
gcaattagcg
cagcatggcyg
tcagtgagcc
gccaaattgg
gcggcttacc
tgaatcgttg
tgaaaattga
atacatatag
<210> 18

<Z11>
<212>

aagaataaa

499
DNA
Trinh tu nhdén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctactea
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

499
DNA
Trinh tu nhan

cerevisiae

gcgacagcect
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
gcagatttag

aagaataaa

500
DNA

42902

tao

CEN.PK-1D promoto-ddt

attgccccag
catactaatt
tacaactgtg
caatgctttt
tgcctecectt
gcttgttctt
gttggatctt

tatagggcta

tao

tgttccctca
ctcttctgce
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

CEN.PK-1D promoto-dét

attgccccag
catactaatt
facaactgtg
caatgctttt
tgccteectt
gcttgttctt
gttggatctt

tatagggcta

tgttccctca
ctcttctgce
gctggaaacc
tcatttttca
gacaaaggac
gcctcttatg
tccacgtggt

cattgtaggg

52

bién-102

acaaccttgg
ccacgacggc
ttttcgtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

tggtttagag

bién-103

acaaccttgg
catcgacggc
ttttcgtcect
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

tggtttagag

499

tagttggagc
tgccattagt
cccecggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

tatcgaaaat

499

tagttggagc
tgccattagt
ccccggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

tatcgaaaat

496

60

120

180

240

480



<213>
<220>
<223> S.
<400> 18
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
tccaaattag
gcggcttacc
tgaatcgttg
tgaaaaattg
tatacatata
<210> 19
<211>
<212>
<213>
<220>
<223> S.
<400> 19
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
tccaaattgg
gcggcttacc
tgaatcgttg
tgaaaaattg
tatacatata
<210> 20
<211>
<212>

<213>

<220>
<223> S.

Trinh ty nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
tcatgctctg
aaaagttgaa
tgctggagta
agcaggttta

Jaagaataaa

500
DNA
Trinh tyw nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctyg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

500
DNA
Trinh ty nhén

cerevisiae

42902

tao

CJ-5 promoto-ddt bién-92 94 102 103 249 251

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctcecctt
gcttgttctt
gttggatctt

gtatagggct

CJ-5

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctcecctt
gcttgttctt
gttggatctt

gtatagggct

tao

tgttccctca
cccctctgcece
gctggaaacc
tcatttttca
gacaaaggac
gcttcttatg
tccacgtggt

acattgtagg

tgttccctceca
cccctectgcece
gctggazacc
tcatttttca
gacaaaggac
gcttecttatg
tccacgtggt

acattgtagg

acaaccttgg
cctcgacggc
ttttcgtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcoagtcac

gtggtttaga

acaaccttgg
cctcgacggc
ttttcgtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

gtggtttaga

CJ-5 promoto-dét bién-249 251

53

tagttggagc
tgccattagt
ccccggtttt
cctgcaattt
tttataaacyg
tcgattatat
ttgtagaagc

gtatcgaaaa

500

promoto-dot bién-92 94 102 103

tagttggagc
tgccattagt
ccccggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

gtatcgaaaa

500

420

480



<400> 20
ctcttgaatg

gcaattagcg
cagcatggcg
tcagtgagcc
tccaaattag
gcggcttacc
tgaatcgttg
tgaaaaattg
tatacatata
<210> 21
<211>
<212>
<213>
<220>
<223> S.
<400> 21
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
tccaaattgg
gcggcttacc
tgaatcgttg
tgaaaaattg
tatacatata
<210> 22
<211>
<212>
<213>
<220>
<223> S.
<400> 22
ctcttgaatg

gcaattagcg

cagcatggcg

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
tcatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

500
DNA
Trinh ty nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

500
DNA
Trinh tu nhan

cerevisiae

gcgacagcct
tatcctgtac

cgcacgtgac

42902

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctcectt
gcttgttctt
gttggatctt

gtatagggct

tao

tgttccctceca
ctcttctgcecc
gctggaaacc
tcatttttca
gacaaaggac
gcttcttatg
tccacgtggt

acattgtagg

acaaccttgg
caacgacggc
ttttcgtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

gtggtttaga

CJ-5 promoto-ddt bién-102 103

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctcectt
gcttgttctt
gttggatctt

gtatagggct

tao

tgttccctca
ctcttctgcecce
gctggaaacc
tcatttttca
gacaaaggac
gcttcttatg
tccacgtggt

acattgtagg

acaaccttgg
cctcgacggc
ttttcgtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

gtggtttaga

CJ-5 promoto-dét bién-92 102

tagttggagc
tgccattagt
cccecggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

gtatcgaaaa

500

tagttggagc
tgccattagt
cccecggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

gtatcgaaaa

500

attgcctcag tgttccctca acaaccttgg tagttggagce

catactaatt cccttctgcc ccacgacggc tgccattagt

tacaactgtg gctggaaacc ttttcgtcct ccccggtttt

54

60

120

180

240

300

360

420

480

60

120

240

300

360

420

480

60

120

180
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tcagtgagcc
tccaaattgg
gcggcttacc
tgaatcgttyg
tgaaaaattg
tatacatata
<210>
<211>

<212>
<213>

23

<220>
<223> S.

<400> 23
ctcttgaatg
gcaattagcyg
cagcatggcg
tcagtgagcc
tccaaattgg
gcggcttacc
tgaatcgttg
tgaaaaattg
tatacatata
<210>
<211>

<212>
<213>

24

<220>
<223> S.

<400> 24
ctcttgaatyg
gcaattagcg
cagcatggcg
tcagtgagcce
tccaaattgg

gcggcttacc

gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

500
DNA
Trinh tu nhén

cerevisiae

gcgacagcecct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

500
DNA
Trinh ty nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg

aaaagttgaa

42902

caatgctttt
tgccteccectt
gcttgttctt
gttggatctt

gtatagggct

tao

tcatttttca
gacaaaggac
gcttcttatg
tccacgtggt

acattgtagg

ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

gtggtttaga

CJ-5 promoto-ddt bién-92 103

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctcccectt
gcttgttett
gttggatctc

gtatagggct

tao

CJ-5 promoto-dét bién-94

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgccteectt

gcttgttectt

tgttccctcea
cccttctgce
gctggaaacc
tcatttttca
gacaaaggac
gcttcttatg
tccacgtggt

acattgtagg

tgttccctcea
ctcctctgee
gctggaaacc
tcatttttca
gacaaaggac

gcttcttatg

55

acaaccttgg
catcgacggc
ttttcgtect
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

gtggtttaca

102

acaaccttgg
ccacgacggce
ttttecgtect
ctcagaaaaa
atcttcccectg

agtggagcaa

cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

gtatcgaaaa

500

tagttggagc
tgccattagt
cccecggtttt
cctgcaatrtt
tttataaacg
tcgattatat
ttgtagaagc
gtatcgaaaa

[
<

tagttggagc
tgccattagt
ccccggtttt
cctgcaattt
tttataaacg

Tcgattatat

240

300

360

420

480

360

420

480

300

360
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tgaatcgttg tgctggagta
tgaaaaattg agcaggttta

tatacatata gaagaataaa

<210> 25

<211>
<212>
<213>
<220>
<223> S.
400> 25
tcttgaartg
gcaattagcg
cagcatggcg
tcagtgagcc
tccaaattgg
gcggcttacc

rgaatcgttg

tgaaaaattg

«t

atacatata

<210> 26

<211>
<212>
<213>
<220>
<223> S.
<400> 26
ctcttgaatyg
gcaattagcg
cagcatggcg
tcagtgagcce
tccaaattgg
gcggcttacc
tgaatcgttg
tgyaaaaattg

tatacatata

500
DNA
Trinh ty nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataas

500
DNA
Trinh ty nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacqtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

42902

gttggatctt tccacgtggt ctcgagtcac ttgtagaagc

gtatagggct acattgtagg gtggtttaga gtatcgaaaa

.

cao

-

o}

CJ-5 promoto-ddt bién-94 103

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctecectt
gcttgttctt
gttggatctt

gtatagggct

tao

tgttcecctea
ctcctctgcecce
gctggzaacc
tcatttttca
gacaaaggac
gcttcttatg
tccacqgtggt

acattgtagg

acaaccttgg tagttggagce
catcgacgge tgccattagt

fLtttcgtcect ccccggtttt

00

ctcagaaaaa cctgcaattt

atcttccectg tttataaacyg
agtggagcaa tcgattatat
ctcgagtcac ttgtagaagco

gtggtttaga gtatcgaaaa

CJ-5 promoto-dét bién-92 94

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctcectt
gcttgttctt
gttggatctt

gtatagggct

tgttccctceca
cccctetgec
gctggaaacc
tcatttttca
gacaaaggac
gcttcttatg

tccacgtggt

acattgtagg

acaaccttgg tagttggagc

Q

aacgacggce tgccattagt
ttttecgtect ccccggtttt
ctcagaaaaa cctgcaattt
atcttccctg tttataaacg
agtggagcaa tcgattatat
ctcgagtcac ttgtagaagc

gtggtttaga gtatcgasas

500

00

420

480

[ex}
(ew]

480

300

360

420

480
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<210> 27
<211>
<212>
<213>
<220>
<223> S.
<400> 27
ctcttgaatyg
gcaattagcg
cagcatggcg
tcagtgagcc
fZccaaattag
gcggcttacc
tgaatcgttg
tgaaaaattg
tatacatata
<210> 28
<211>
<212>
<213>
<220>
<223> S.
<400> 28
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
tccaaattgg
gcggcttacce
tgaatcgttg
tgaaaaattg

tatacatata

<210> 29

500

DNA

Trinh tu nhéan

<211>
<212>
<213>

500
DNA
Trinh ty nhén

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

500
DNA
Trinh tyu nhan

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
tcatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

42902

tao

CJ-5 promoto-ddét bién-249

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctceett
gcttgttctt
gttggatctt

gtatagggct

tgttccctca
ctcttctgcc
gctggaaacc
tcatttttca
gacaaaggac
gcttcttatg
tccacgtggt

acattgtagg

acaaccttgg
caacgacggc

tttcgtcecct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

gtggtttaga

CJ-5 promoto-ddt bién-251

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctcecctt
gcttgttctt
gttggatctt

gtatagggct

tao

tgttccctca
ctcttctgcec
gctggaaacc
tcatttttca
gacaaaggac
gcttcttatg
tccacgtggt

acattgtagg

57

acaaccttgg
caacgacggc
ttttcgtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

gtggtttaga

tagttggagc
tgccattagt
cccecggttet
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc
gtatcgaaaa

=
o)

tagttggagc
tgccattagt
cccececggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

gtatcgaaaa

500

60

120

180

240

300

360

420

480

60

120

180

240

480
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<220>
<223> S.

<400> 29
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
tccaaattgg
gcggcttacc
tgaatcgttg
tgaaaaattg
tatacatata
<210> 30
<211>
<212>
<213>
<220>
<223> S.
<400> 30
ctcttgaatg
gcaattagcg
cagcatggcg
tcagtgagcc
tccaaattgg
gcggcttacc
tgaatcgttg
tcaaaaattg
tatacatata
<210> 31
<211>
<212>
<213>
<220>

<223> S.

<400> 31

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

500
DNA
Trinh ty nhan

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

500
DNA
Trinh ty nhén

cerevisiae

42902

CJ-5 promoto-dét bién-92

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctceectt
gcttgttctt
gttggatctt

gtatagggct

tao

tgttccctca
cccttcectgec
gctggaaacc
tcatttttca
gacaaaggac
gcttcttatg
tccacgtggt

acattgtagg

acaaccttgg
caacgacggc
ttttcgtcct
ctcagaaaaa
atcttccctg
agtggagcaa
ctcgagtcac

gtggtttaga

CJ-5 promoto-dét bién-94

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctcectt
gcttgttctt
gttggatctt

gtatagggct

tao

CJ-5

tgttcecctca
ctcctctgcece
gctggaaacc
tcatttttca
gacaaaggac
gcttcttatg
tccacgtggt

acattgtagg

58

acaaccttgg
caacgacggc
ttttcgtcct
ctcagaaaaa
atcttccctyg
agtggagcaa
ctcgagtcac

gtggtttaga

promoto-dét bién-102

tagttggagc
tgccattagt
ccccggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

gtatcgaaaa

500

tagttggagc
tgccattagt
ccccggtttt
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

gtatcgaaaa

500

60

120

180

240

300

360

420

480

60

120
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ctcttgaatg
gcaattagcg
cagcatggcy
tcagtgagcc
tccaaattgg
gcggcttacc
tgaatcgttg
tgaaaaattyg
tatacatata
<210>
<211>

<212>
<213>

32

<220>
<223> S.

<400> 32
ctcttgaatyg
gcaattagcg
cagcatggcg
tcagtgagcc
tccaaattgg
gcggcttacc
tgaatcgttg
tgaaaaattg
tatacatata
<210>
<211>
<212>

<213>

<400> 33

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

500
DNA
Trinh tu nhan

cerevisiae

gcgacagcct
tatcctgtac
cgcacgtgac
gactctacta
ccatgctctg
aaaagttgaa
tgctggagta
agcaggttta

gaagaataaa

678
PRT
Saccharomyces

42902

attgcctcag
catactaatt
tacaactgtg
caatgctttt
tgcctccectt
gcttgttctt
gttggatctt

gtatagggct

tao

gctggaaacc

tgttcecctca acaaccttgg

ctcttctgece ccacygacggc
ttttcgtect
tcatttttca ctcagaaaaa
gacaaaggac atcttccctg
gcttcttatg agtggagcaa
tccacgtggt ctcgagtcac

acattgtagg gtggtttaga

CJ-5 promoto-ddt bién-103

attgcctcag
catactaatt
tacaactgtyg
caatgctttt
tgcctecectt
gcttgttctt
gttggatctt

gtatagggct

cerevisiae

tgttcccteca acaaccttgg
ctcttctgcc catcgacggce
gctggaaacc ttttcgtcct
tcatttttca ctcagaaaaa
gacaaaggac aftcttccctg
gcttcttatg agtggagcaa
tccacgtggt ctcgagtcac

acattgtagg gtggtttaga

Met Gly Leu Leu Ala
1 5

Thr Tyr Asn Glu His
Ile

Glu Leu Glu Tyr

Leu Gly

Ile Arg

Gly Lys

40

Met Val

Thr Pro Leu Gln Trp

10

Asp Glu Gly Ile Glu
25 30

Arg Asp Asn Asp Prc
45

Val Asp Phe Asp Asp

59

Phe
15

Leu

Phe

Glu ?

tagttgoagc
tgccattagt
cccecagtttt
cctgcaattt
tttataaacyg
tcgattatat
ttgtagaagc

gtatcgaaaa

500

tagttggagc
tgccattagt
ccccggttt;
cctgcaattt
tttataaacg
tcgattatat
ttgtagaagc

gtatcgaaaa

(G2}
[

Ser
Leu Tyr
Gly

Trp

Asn

60/64



50

Ser Met Leu

Glu Asp Ser

Tyr Gly Arg

[62]
(€]

Asp Val Cys
70

Ser Leu Cys
85

Tyr Met Leu

100

Tyr Val Gly Ser Tyr Val

115

Ala GIu Tyr

130
Leu His Val
145
Arg Met Gly

Lys Asn Ala

Lys Leu Ser
135

Gly Ser Arg
150

Cys Pro Aép
165

Ala Ser Arg

180

Arg His Val
195

Gly Glu Lys
210

Pro Glu Thr
225

Asp Lys Glu

Ser Met Gly

Arg Phe Pro
Val Cys Met
215

Asp Asp Ser
230

Ala Lys Leu
245

Phe Gly Met

260

Ala FPro Asn
275

Phe Ala
290

Pro
Gly Trp Leu
305

Val Asp Asp

Lys Tyr Asn

Ile Asn Lys
Ile Met Leu
295

Ala Asp Gln
310

Arg Thr Pro
325

Lys Asn Gly

340

Lys Val Leu
355

Leu Gly Gly
370

Prc Ile Asn
385

Glu Ile E

Phe
375

Ser Lys

Glu Lys Val
390

42902

His Asp Lys

Glu Ala Asn
90

Glu Ala Thr
105
Glu Val Asn

Glu Tyr Ala

Ser Val Pro

Ile Leu Thr

75

Asp Val Ser
Pro Ala Ser
110

Met Gln Lys
125

Arg Gln Asp
140

Leu Tnr Leu

155

Phe Ile Asn

170

Ser Leu Phe
185

Asn Leu Thr
200

Asn Val Pro

Ile Tyr Asp

Ile Lys Asp
Leu Pro Asp
190

Ala Ser Ile
205

Met Tyr Lys
220

Arg Asp Trp

235

Ala Ser Lys
250

Gly Cys Ser
265

Ala Arg Tyr
280

Ala Phe Ser

Asp Val Arg

Pro Gly Phe

Cys Leu Gln

Leu Tyr Asp
285

Ala Ala Ala
300

Trp Asn Val

315

Lys Glu Arg
330

Phe Gly Gly
345

Lys
360

Ser Arg

Phe Asn Arg

Leu Gly Arg

Gly Val Ala

Ile Ala Lys
350

Tyr Ser Ser
365

Leu Leu Glu

385

60

Glu Leu
20

Phe His
Pro Tyr
Arg Arg
Ser Lys
Thr Val

160

Pro Trp
175

Glu Val
Arg Thr
Asp
Phe Leu

24C

Ile Tyr
255

Thr
Ala Leu
Pro Ala
Ile Ser

320
Pro Leu
335
Asp Val
Val Asp

Asp Thr

Asn Asp
400

Asn

Pro

Leu

Asn

Phe

Arg

Pro

Met

Phe

Val &

Phe

Gly

Leu

Gln

Leu

Asn

Glu

Ile

Asn

Pro

> Asn

Arg

Thr

Glu

Gln

Pro

Asp

Phe

Val
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42902

Pro Leu Asp Tyr Asp Leu Ala Lys His

405

410

Asp Pro Val Ser Thr Phe Glu Glu Leu
420

Ser Ser Asn His Phe Glu Asn

435

425

Ile Gln
440

Arg Phe Lys Pro Pro Thr Gln Gln Ala

450

Pro Gly Trp
465

Phe Glu Asn

Ile Leu Thr

455

Arg Val Glu
470

Ala Ala Tyr
485

Phe Ser Asp

500

Val Trp Giu

515

Glu Lys Phe
530

Thr Glu Asp
545
Ile Phe Pro

Thr Lys Asp

Asn Met Lys
His Trp Lys
535

Tyr Ser Ile
550

Gln Phe Val
565

Trp Lys Glu

580

Tyr Tyr Tyr

595

Thr Thr Ala
610

Lys His Asp
625

Leu Lys Leu

Phe
615

Lys Phe
Ser Lys Ile
630

Arg Leu Thr
645

Gly Ala Glu

660

Thr Cys Asp

Ser Phe Leu

Ser Ile Glu
675

<210> 34

<211> 33

<212> DNA

<213>

<220>

<223>

Ser Lys Cys

F BamHI_GSH1

Phe Arg Pro

Phe Ala His

Leu Asn Gln

430

Thr Asn
445

Ser

Thr Pro Asp
460

Phe Glu Val

475

Ser Val Leu
490

Asn Ile Asn
505

Ile Ala His
520

Lys Ser Phe

Ser Glu Ile

Ile Tyr Leu
Ala Tyr Ile
510

His Arg Asp
525

Arg Asn Asp
540

Phe His Asn

555

Pro Ile
570

Thr
Leu Lys His
585

Ile
600

Ser Asp

Arg Asn Phe

Ser Lys Ser

Leu Cys Gln
Ser Ser Lys
590

Arg Ala Ser
605

Val Leu Gln
620

Ile Asn Tyr

635

His Leu Asp

650

Asp Ser Lys

Leu

415

Asp

Trp

Lys

Gln

+-
11€

495

His

Ala

Thr

His

Asp

Gly
655

Ile Ala Glu Tyr Val Lys Lys

665

Trinh ty nhé&n tao

670

61

Tyr

Asn

Gln

Lys

Leu

430

Val

Met

Ile

Asp

Glu

560

Gly

Glu

Glu

Pro

Leu

640

Glu

Asn

Ile

Lys

Thr

Asp

Leu

Leu

Asn

Phe 1

Arg

Leu

Asp

Lys

Thr

Leu

Asp

Ser

Lys

Phe

Glu

Lea

Pro

Thr

Pro
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42902

<400> 34
ggtaggatcc atgggactct tagctttggg cac

<210> 35

<211> 25

<212> DNA

<213> Trinh ty nhan tao

<220>
<223> R _GSH1 C86R

<400> 35
ttagcctcce taagggacga atcct

<210> 36

<211> 25

<212> DNA

<213> Trinh ty nhdn tao
<220>

<223>  F_GSH1 C86R

<400> 36
cgtcccttag ggaggctaac gatgt

<210> 37

<211> 35

<212> DNA

<213> Trinh ty nhan tao
<220>

<223> R _XholI GSH1

<400> 37
atgactcgag ttaacatttg ctttctattg aaggc

<210> 38

<211> 33

<212> DNA

<213> Trinh ty nhén tao
<220>

<223> F _Spel GSH1_DW

<400> 38
tagaactagt actcctttta tttcggttgt gaa

<210> 39

<211> 35

<212> DNA

<213> Trinh ty nhédn tao
<220>

<223> R NcoI GSH1_DW
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33

25

25

35

33



<400>

42902

39

gctgccatgg gaatagtgtg aaccgataac tgtgt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

40

27

DNA

Trinh tu nhé&n tao

R AL killer

40

gagcaatgaa cccaataacg aaatctt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

41

24

DNA

Trinh tu nhén tao

F BR killer

41

cttgacgttc gttcgactga tgag
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27

24

o)

64/64





